l£ 


t 


^'4UUa2L^3 


"* 


^ 


1.1 


REPORT  OF  THE  CHIEF  OF  THE  BUREAU  OF  PUBLIC 

ROADS 


United  States  Department  of  Agriculture, 

Bureau  of  Public  Hoads,  » 

Washington,  D.  C,  October  15,  19U-  ^ 
Sm:  I  have  the  honor  to  submit  herewith  the  report  of  the 
Bureau  of  Public  Roads  for  the  fiscal  year  ended  June  30,  1924, 
covering  especially  those  functions  of  the  bureau  which  are  provided 
for  by  the  act  making  appropriations  for  the  Department  of  Agri- 
culture. A  brief  statement  of  the  work  done  in  connection  with 
the  construction  of  Federal-aid  and  national-forest  roads  is  also 
included,  but  a  more  complete  report  of  that  work  will  be  made  in 
a  subsequent  report  as  provided  for  in  section  19  of  the  Federal 
highway  act,  approved  November  9,  1921, 
Respectfully, 

Thos.  H.  MacDonald, 

Chief  of  Bureau. 
Hon,  Henry  C.  Wallace, 

Secretary  of  Agriculture. 


FEDERAL-AID    ROAD    CONSTRUCTION 

A  detailed  report  of  the  operations 
of  the  bureau  in  connection  with  the 
construction  of  Federal-aid  roads  is 
furnished  separately  for  inclusion  in 
the  report  to  Congress  which  the 
Secretary-  is  required  to  make  annu- 
ally by  the  Federal  highway  act.  In 
this  report,  therefore,  it  is  believed 
that  such  detailed  information  may  be 
omitted,  but  it  will  not  be  inappro- 
priate, perhaps,  to  review  in  a  general 
way  the  progress  that  has  been  made, 
and  to  refer  to  a  few  of  the  more  sig- 
nificant accomplishments  of  the  year. 

It  is  not  difficult  this  year  to  single 
out  the  most  important  forward  step. 
The  final  designation  and  approval  of 
the  Federal-aid  highway  system  in  all 
the  States  of  the  Union  is  an  event 
that  will  be  recognized  as  time  goes 
on  as  one  of  the  milestones  of  progress 
in  the  improvement  of  the  highways  of 
the  country.  The  map  of  the  system, 
published  November  1,  1923,  presents  a 
definite  plan  for  the  improvement  of 
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the  main  highways  of  the  Nation — 
a  plan  which  it  is  possible  to  carry 
cut  in  a  period  of  not  more  than  10 
years,  and  which,  in  that  limited 
period,  will  result  in  a  connected  sys- 
tem of  arterial  highways  that  will 
permit  unobstructed  highway  trans- 
portation between  all  cities  of  5,000 
population  or  larger.  The  duty  of 
constructing  the  connecting  roads 
Avhich  are  needed  to  give  access  to 
the  main  system  rests  with  the  States 
and  counties. 

The  Federal  highway  act  of  Novem- 
ber 9,  1921,  which  provided  for  the 
designation  of  the  system,  also  pro- 
vided that  within  two  years  a  map 
should  be  published  showing  the  prog- 
ress of  selection  and  designation  of 
the  system.  The  map  published  within 
the  time  limit  specified  represents  the 
required  system  practically  in  its  en- 
tirety. The  determination  of  the  mile- 
age of  the  system,  as  prescribed  by 
law,  was  based  on  the  mileage  of  all 
existing  roads  of  record  in  the  several 
State    highway    departments    at    the 
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time  of  the  passage  of  the  act.  Each 
State  was  asked  to  certify  the  mileage 
of  its  existing  roads  according  to  its 
records,  and  the  total  of  certifications 
amounted  to  2,860,061  miles,  7  per 
cent  of  which,  or  200,624  miles,  the 
law  provides  may  be  included  in  the 
Federal-aid  highway  system. 

The  map  issued  in  November  in- 
cludes 168,881  miles.  Subsequently 
additions  were  made  in  several  States 
which  increase  the  total  as  of  June 
30.  the  end  of  the  fiscal  year,  to  171,- 
687  miles.  The  original  map  repre- 
sents the  system  of  the  entire  United 
States  on  a  scale  of  1  to  5,000,000. 
A  relatively  small  edition  of  it  was 
published  for  the  use  of  the  several 
State  departments  and  various  agen- 
cies of  the  Federal  Government.  Sub- 
sequently, in  order  to  make  available 
a  map  suitable  for  more  general  use, 
a  set  of  maps  consisting  of  18  sheets, 
each  sheet  comprising  a  group  of 
States,  was  published. 

ORIGINAL    SYSTEM    COMPLETED    IN 
THREE  STATES 

In  designating  the  system  in  the 
several  States  the  most  important  in- 
terstate and  intercounty  roads  have 
been  included  up  to  the  limit  of  mile- 
age prescribed  by  the  law,  without  re- 
gard to  their  state  of  improvement. 
A  considerable  mileage  has  been  in- 
cluded which  is  already  improved,  and 
the  magnitude  of  the  task  ahead  is 
reduced  to   that  extent. 

Tn  three  States  the  original  system 
has  already  been  completed  or  pro- 
vided for  and,  as  contemplated  by  the 
law,  additions  to  the  system  in  excess 
of  7  per  cent  of  the  total  mileage  of 
public  highways  have  been  approved 
by  the  Secretary  as  State  funds  have 
become  available  for  such  extensions. 
These  States  are  Delaware,  Maryland, 
and  Rhode  Island.  In  Delaware  the 
original  system,  comprising  the  full 
7  per  cent  of  existing  total  mileage, 
included  266.84  miles.  Completion  of 
this  system  was  recognized  by  the 
Secretary  on  July  17,  1923,  at  which 
time  the  first  extensions  were  ap- 
proved. In  Maryland  the  origimal 
system  comprised  1.036.7  miles,  and 
this  mileage  was  completed  or  pro- 
vided for  and  so  recognized  by  the 
Secretary  August  23,  1923,  at  which 
time  additions  were  approved.  The 
Rhode  Island  system  of  165.95  miles 
was  reported  complete  in  June,  1924. 
and  acceptance  of  the  system  was 
pending  at  the  close  of  the  fiscal  year. 

In  connection  with  the  completion 
of  the  original  system  in  these  States 


it  was  necessary  to  consider  the  con- 
dition not  only  of  the  Federal-aid 
projects  constructed  on  the  approved 
system  but  also  all  other  construction 
by  the  State  or  its  political  subdi- 
visions. Anticipating  the  completion 
of  the  system  in  other  States,  most  of 
which  have  a  much  larger  mileage,  a 
detailed  examination  of  all  roads  in 
the  systems  of  the  several  States  is 
now  under  way.  The  results  of  the 
examination  ai'e  recorded  and  consti- 
tute a  complete  description  of  the 
condition  of  the  entire  system.  Such 
descriptions  had  been  completed  prior 
to  the  close  of  the  fi.scal  year  in 
Connecticut  and  Pennsylvania,  and 
were  nearly  completed  in  New  Jersey. 
These  records  will  ultimately  show  in 
detail  the  condition  of  improvement  of 
the  entire  Federal-aid  system,  and  the 
work  of  compiling  them  will  be  ad- 
vanced as  rapidly  as  the  administra- 
tion of  the  Federal  highway  act  re- 
quires. 

As  this  information  is  secured  it  is 
recorded  on  road  maps  of  the  States 
on  a  scale  sufficiently  large  to  show 
the  improved  sections  and  the  nature 
of  each.  These  maps,  together  with 
written  descriptions  of  each  improved 
section,  will  furnish  the  most  complete 
collection  of  road  information  that 
has  ever  been  undertaken. 


THE  IMPROVEMENT  OF  THROUGH 
ROADS  IN  THE  WEST 


The  survey  of  the  status  of  improve- 
ment in  the  Western  States  indicates 
that  the  part  of  the  system  in  the  11 
Pacific  and  Mountain  States,  embrac- 
ing 31,437  miles,  is  now  more  than 
50  per  cent  completed.  In  these  States 
attention  has  been  given  especially  to 
the  acceleration  of  the  improvement  of 
through  roads  to  the  coast,  particu- 
larly in  Nevada  and  Utah  toward  San 
Francisco.  In  these  States  the  na- 
tional need  for  through  east-and-west 
connection  does  not  in  all  cases  coin- 
cide with  the  highway  needs  of  the 
locality.  This  is  a  situation  which  is 
peculiar  to  the  sparsely  settled  West- 
ern States.  Elsewhere  it  is  found  that 
the  national  and  local  needs  are  prac- 
tically identical. 

An  extensive  investigation  of  va- 
rious possible  routes  across  the  Mo- 
have Desert  in  California;  Nevada, 
and  Arizona  has  resulted  in  the  selec- 
tion of  routes  which  will  shorten  the 
line  of  transcontinental  travel  by  37 
miles.  A  similar  study  of  the  route 
from  Salt  Lake  City  to  Los  Angeles 
has  made  possible  a  reduction  in  mile- 
age of  88  miles,  and  it  has  been  found 
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to  be  possible  to  combine  these  two 
routes  for  103  miles,  thus  reducing 
correspondingly  the  necessary  Fed- 
eral-aid mileage. 

PROGREgS    OF    CONSTRUCTION 

As  the  result  of  the  year's  work 
8,620  miles  have  been  added  to  the 
mileage  of  completed  roads,  bringing 
the  total  completed  since  1916,  when 
the  policy  of  Federal  aid  was  initi- 
ated,  to  35,157  miles.     Work  was  in 


progress  at  the  end  of  the  year  on 
15,350  miles,  and  these  roads  were 
reported  as  5G  per  cent  complete  in 
the  aggregate. 

The  total  cost  of  the  roads  com- 
pleted during  the  year  was  $144,707,- 
337.26,  of  which  $66,789,426.70  was 
paid  by  the  Federal  Government.  The 
total  expenditure  of  Federal-aid  funds 
during  the  year,  including  payments 
made  on  the  completed  roads  and  prog- 
ress payments  on  the  roads  remaining 
under  construction,  was  $79,217..397.90. 


Mileaffe,  total  cost,  and  Federal  aid  allotted  to  all  Federal-aid  roads  comiUeted 
lip  to  June  30,  192^t,  by  States 


state 

Total  cost  1 

Federal  aid  ' 

Miles 

$7,517,652.60 

8,464,741.67 

11,168.854.55 

17, 129, 807.  90 

9,624,118.34 

3,411,625.09 

3,479,2.51.47 

2, 959, 921.  09 

18,255,751.55 

8, 412,  287.  56 

30,  529, 027. 07 

8,  851, 308.  28 

23, 392, 465.  64 

22, 1.57,  .546. 12 

11,240,234.38 

8,  834,  764.  36 
7.028,584.03 
7,001,602.09 

11,218,868.20 

15,051,440.84 

23,990,791.09 

7,888,193.89 

12,712,501.43 

8,911,059.55 

10,310,188.74 

3,  946, 723. 21 

3, 228, 323.  59 

8, 266, 033.  22 

6,708,414.96 

21,514,710.61 

16, 828, 430.  45 

9,177,593.39 

33,  856.  447.  68 

12.  986,  865.  26 

12,378,149.70 

42, 432, 577.  89 

1, 952,  560.  40 

9,  278, 992.  55 
9,471,954.54 
7, 578,  569.  06 

42,  .511, 071. 15 
4,181.049.06 
1,922,114.16 

11,295,753.95 

11,192,478.17 
6,171,851.10 

19,078,289.18 
6, 224, 847.  80 

$3,  645,  712.  99 
4,364.912.41 
4,  459,  345.  63 
7, 860, 406.  87 
4,  875. 189.  66 
1,433,498.60 
1. 188,  737.  33 
1,432,297.39 
8.485,801.41 
4,  233. 045.  90 

14,0.59,816.59 
4,  288,  205. 02 
9,323.231.86 
7,  727,  772.  68 

4,  826,  886.  37 
3,801,223.09 
3, 3.58,  698.  00 
3. 332, 677. 06 
4,490,689.22 
7, 167,  293.  78 
9. 889, 836.  27 
3, 828, 845.  32 
5,926.010.43 
4,408,281.04 
4. 909,  514.  60 
2.324,136.18 
1,554,076.35 

2,  872, 160. 02 

3,  602,  488.  73 
9,286,615.78 
7,24.5.122.17 
4, 464, 647. 10 

12,110,970.93 

5,  888, 852. 03 
5, 999, 884.  29 

16, 096, 142.  29 
841,  827. 96 
4,315.610.91 
4,703,417.22 
3,  700,  378.  92 

16.  242, 423.  41 
2,  403,  576.  97 
942,  769. 12 
5, 390,  201. 02 
5,231,713.29 
2,  663, 341. 02 
7, 605, 283. 33 
3,1.52,141.34 

671.5 

537.  7 

Arkansas                        .      - 

948.9 

H81.4 

578.  3 

81.8 

Delaware                      - - -. 

84.3 

Florida -.- 

112.6 

1,326.8 

Idaho       .                          . 

526. 8 

914.  2 

263. 2 

Iowa        -                 -. -        .- 

1,688.6 

657.  5 

Kentucky 

452.9 

Louisiana. _.. 

Maine 

Maryland ..     _ 

701.1 
237.0 

252.7 

Massachusetts 

254.  4 

Michigan  ..     ..    .    ..      .. 

573. 9 

Minnesota 

2.  310. 2 

Mississippi 

655. 0 

Missouri  _ _ 

906.1 

Montana  --    .      

805.7 

Nebraska-- 

Nevada 

New  Hampshire 

New  Jersey 

1.718.9 
282.5 
176.2 
159.2 

New  Mexico .'. 

879.6 

New  York 

627.  6 

North  Carolina 

1,005.1 

North  Dakota. 

1, 034.  2 

Ohio : 

Oklahoma 

Oregon 

984.8 
497.  3 
676.  2 

Pennsylvania 

831.0 

49.1 

South  Carolina 

1.035.6 

South  Dakota 

1,096.6 

Tennessee     ...                           ... 

2S2.1 

Texas ..     . 

3,  lf,l  5 

Utah    . 

317.5 

Vermont 

Virginia 

Washington _._ 

West  Virginia.     .                                .. 

74.4 
620.  8 
469.2 
275.8 

Wisconsin 

1, 356. 8 

Wyoming 

712.3 

Total 

602,326,389.21 

261, 955,  709. 90 

35,1,56.9 

Figures  subject  to  revision  on  payment  of  a  few  final  vouchers  now  outstanding. 
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Mileage.   Iota!  cost,  and  Federal  aid  allotted  to  Federal-aid  roads  completed 
during  the  fiscal  year  192.'f,  l)y  States 


state 

Total  cost  1 

Federal  aid  ' 

Miles 

$3,498,331.31 
1,  867,  550. 18 

1,  710, 491.  98 
6,  966,  694.  48 

2,  426, 060.  84 
637,  077.  64 
882,  552.  75 

1,  835,  869.  96 
3,385,611.08 

1,  531,  613.  83 

5,  283,  778.  96 

2,  429,  654.  75 

6,  708,  418.  12 

2,  814,  977.  98 
4, 091,  66.5.  45 

774,681.92 
1, 901,  .381.  81 

1,  486,  580.  88 

3,  290,  325.  72 
4,327,152.21 
3,614.442.16 
2,119,022.64 

4,  036,  079.  66 
678,  176.  29 

2,  578,  227.  83 
490,  b95.  18 
804,712.87 

2,  257,  014.  09 
1, 449,  383.  46 
9,357,341.72 
3,914.317.99 

3,  201,  4U7.  94 
•  8,972.108.94 

2,610,121.38 

1,830.105.86 

9,  165,  681.  09 

468,  485.  05 

2,  799, 080.  27 

3,  399,  339.  49 
2, 101,  606.  26 
9,  488,  741.  88 
1, 482,  812.  55 

.551.398.53 
3,  234, 876.  38 

835,  407.  36 
1,  636, 124.  52 
3, 492.  543.  18 
1,  287,  731.  85 

$1,  735, 85.5. 02 

1, 120, 842.  26 

764,  273.  51 

2,  961,  544.  12 

1,  340, 102.  69 
329,  349.  75 
404,  967.  50 
889,  031.  97 

1,670,211.85 
960,  934.  89 

2,  628,  663.  69 
1, 170, 062.  58 
2,  976,  930.  45 
2,  221,  652.  64 
1,  772,  765.  66 

364,  427.  71 

891.  784.  33 

709,  254.  92 

1,  221,  644.  39 

1,9.57,761.76 

1,612,349.17 

1,  043, 974.  35 

2,  002.  794.  21 
357,  763.  90 

1,186,018.65 

474, 163. 13 

391,  342.  72 

709,  736.  50 

861, 822.  67 

4,  038,  673.  77 

1.  479,  048.  51 

1,  562,  676.  03 

3,  473,  067.  42 
1, 178, 008. 92 
1, 121,  3.58.  05 
3,  396,  083.  50 

194,  193.  00 

1,280,643.13 

1,726,556.03 

1,  031,  620.  82 

3,  55S,  051.  67 

869,  260.  46 

273,  33.5.  37 

1,  496, 941. 16 

412,  607.  59 

651, 078. 19 

1,  669,  794.  09 

764, 442.  01 

281.6 
161  1 

Arizona .          . .. 

Arkansas .__ 

120  7 

California-   

236  1 

Colorado.-   - 

119  9 

Connecticut 

17  2 

Delaware 

26.6 

Florida --- 

54  1 

Georgia .  _ 

313  4 

Idaho .  .         -      - 

100  7 

Illinois -- - 

169  4 

Indiana -.- -.- 

83  6 

498  3 

Kansas -- -.- 

197.0 

Kentucky.--  -- ,--  

149.8 

Louisiana -.. 

51.2 

77.0 

Maryland 

60.6 

Massachusetts 

64  5 

Michigan 

151  5 

379.6 

Mississippi _ 

144.3 

357.0 

Montana . 

63.9 

337.8 

Neyada -- ---  

51.7 

34.5 

New  Jersey --- - 

37.8 

179.0 

New  York , 

291.0 

North  Carolina _ -  , 

110.2 

North  Dakota 

Ohio - -  

668.2 
267.  7 

Oklahoma - 

123.8 

Oregon  .. 

132.4 

Pennsylyania 1 

174.0 

Rhode  Island --- - 

10.5 

South  Carolina 

320.6 

South  Dakota _ 

417.4 

Tennessee - 

85.2 

641.2 

Utah 

139.9 

21.3 

Virginia -- --  

163.9 

49.4 

West  Virginia  -       -     . 

52.0 

265.8 

Wyoming-- . 

165.9 

Total 

144, 707,  337.  26 

66,  789, 426.  70 

8,  620.  3 

'  Figures  subject  to  revision  on  payment  of  a  few  final  youchers  now  outstanding. 


As  in  previous  years,  the  mileage  of 
gravel  roads  completed  exceeded  the 
mileage  of  any  other  type  of  construc- 
ticn.  the  year's  total  including  3,353.8 
miles.  Other  types  were  completed,  as 
follows:  Graded  and  drained,  1,604.8 
miles ;  sand-clay,  888.2  miles ;  water- 
bound  macadam,  106.7  miles;  bitumi- 
nous macadam,  566.6  miles ;  bitumi- 
nous  concrete,   252.1   miles;   concrete, 


1,667.9  miles;  brick,  169.4  miles. 
Bridges  more  than  20  feet  in  span 
completed  during  the  year  aggregated 
in  length  10.8  miles.  The  mileage  of 
the  various  types  completed  during  the 
year  and  since  the  initiation  of  the 
Federal-aid  policy  and  the  mileage  by 
types  and  by  States  are  shown  in  the 
accompanying  tables. 
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Mileage  of  all  Federal-aid  roads  completed  up  to  Jtine  30, 
construction  and  hy  States 


192 'i,   h\i  t)ipes  of 


States 

Giaded 

and 
drained 

Pand- 
clay 

Gravel 

Water- 
bound 
mac- 
adam 

Bitu- 
minous 
mac- 
adam 

Bitu- 
minous 
con- 
crete 

Port- 
land ce- 
ment 
con- 
crete 

Brick 

Bridges 

Total 

Alabama 

3.2 
52.7 

286.7 
55.9 

277.7 
312.6 
660.0 
102.7 
240.8 

11.6 

14.2 

44.8 

7.3 

26.6 

45.6 

54.8 

9.0 

176.4 

26.5 
1.0 

9.6 

92.3 

37.2 

279.6 

116.3 

54.7 

78.1 

30.6 

103.4 

21.3 

748.7 

238.0 

307.9 

305.1 

42.0 

"'"39."3" 
180.4 

84.6 
268.3 
210.8 

52.0 
127.9 

31.3 

34.7 

34.6 

1.9 

150.8 

43.2 
407.9 
109.4 
3.0 
292.1 
128.9 

66.8 

698.7 

7.1 

38.6 
0.8 

21.9 
196.1 

53.0 

3.5 

134.3 

177.4 

54.7 
296.5 

12.9 

1        1.3 

1.2 

1.1 

1.0 

2.  2 

671.5 

Arizona 

537.7 

Arkansas 

948.9 

California 

218.8 
150.5 

'"67."  4' 

681.4 

578.3 

Connecticut 

27.1 

81.8 

Delaware 

6.2 
10.1 
0.3 

"'"i7."3" 

'"22."6' 
95.6 
3.9 

0.1 
14.6 
0.9 
1.2 
0.4 

"""6.'2" 
""""6."2" 

84.3 

Florida 

21.2 

836.9 

18.6 

'"ih's 

42.1 
69.8 

8.6 
11.6 
33.0 

8.1 
12.0 

112.6 

Georgia.    ...  .. 

58.3 

111.4 

135.1 

0.5 

1,014.4 

97.1 

244.6 

7.4 

209.9 

337.5 

0.4 

12.4 
344.4 
109.8 

41.8 
683.0 
101.4 

28.9 

22.2 
4.3 

1, 326.  8 

Idalio 

Illinois. 

526.8 
914.2 
263.2 

Iowa 

, 

1, 688.  6 

Kansas 

Kentucky... 

Louisiana 

Maine.   

4.5 

38.4 

3.2 

""'o.'i' 

3.3 
18.9 

28.5 
82.0 

'"'96.1' 
27.3 
141.  0 

""7.'6" 

""i2."3' 

25.0 

61.5 

22.1 

3.4 

2.8 

0.9 

6.7 

1.6 

27.7 

.5.0 

0.7 

""93."  4' 
0.7 
84.7 
45.0 
52.9 
99.7 
31.5 
22.1 

657.5 
452.9 
701.1 
237.0 

3.8 

252.  7 

Massachusetts 

0.5 

2.54.  4 

Michigan 

224.  8 

1, 855.  9 

443.5 

518.9 

555.9 

181.5 

153.3 

86.6 

3.4 

638.3 

573.9 

Minnesota 

221.0 
121.4 
202.1 
193.2 
1, 320.  8 
69.9 

""i4."4" 

""i6.i"i" 

7.0 

""9."2" 
5.7 

'"ii."9" 

0.3 

"""i."5' 

1.6 

""""6."5" 
1.0 

2,  310.  2 

Mississippi.. 

Missouri 

Montana 

Nebraska 

11.1 
8.2 
16.0 

"'38.'9' 
6.9 

655.0 

906.1 

805.7 

1, 718.  9 

Nevada 

New  Hampshire 

""■23.'i' 

15.6 
35.9 

282.  5 
176.2 

New  Jersey 

159.2 

New  Mexico.. 

191.6 

5.1 

1 

0.7 

""295."  6" 
1.2 

"""24."8' 

0.8 
1.5 
1.4 
1.4 
0.1 
5.2 
0.7 

879.6 

New  York 

217.5 
33.0 

627.6 

North  Carolina 

North  Dakota 

66.3 
1, 322.  2 
25.0 
28.3 
96.6 

598.0 
6.5 

85.8 
300.3 

17.8 

1, 005.  1 
i,  634.  2 

Ohio 

82.6 

6.3 

25.6 

204.8 
0.6 

""7.'8' 
10.5 
3.0 

984.8 

Oklahoma 

Oregon 

Pennsylvania 

2.3 

279.6 
433.6 

497.3 
676.2 
831.0 

Rhode  Island 

49.1 

South  Carolina 

875.2 

""".58."i" 

94.0 
899.4 

61.3 

2, 190.  3 

132.1 

51.3 

71.1 
262.3 

18.2 
673.8 
132.5 

0.2 
""26."8' 

"'"ii."4' 

2.4 

0.7 
0.5 
4.1 
0.5 
0.3 
0.7 
1.4 
0.2 
0.1 
2.0 

1,  035.  6 

South  Dakota 

195.6 

3.3 

168.8 

114.9 

1, 096.  6 

Tennessee 

Texas 

Utah 

Vermont 

50.6 

362.1 

9.3 

1.4 

108.5 

147.1 
111.2 

"'i7.'9' 
106.0 

7.4 
49.8 

7.8 

""""3."3' 

292.1 

3, 161.  5 

317.5 

74.4 

Virginia 

Washington  . 

18.0 

28.1 

106.1 

233.6 

190.6 

179.0 

V.i' 

140.5 
373.1 

620.8 
469.2 

West  Virginia 

Wisconsin 

Wyommg 

4.9 
2.7 

67.1 
9.6 

11.4 
........ 

275.8 

1,  3.56. 8 

712.3 

1 

Total 

7,015.1 

3, 727. 5 

13,810.9 

903.0 

1, 652.  3 

1,029.2 

6,  428.  2 

536.9 

53.8 

35, 156. 9 
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Milcofic  of  Federal-aid  roads  completed  durmg  the  fiscal  year  192.'f,  hy  types  of 
construction  and  by  States 


states 

Graded 

and 
drained 

Sand- 
clay 

Gravel 

Water- 
bound 
mac- 
adam 

Bitu- 
m.inous 
mac- 
adam 

Bitu- 
minous 
con- 
crete 

Port- 
land ce- 
ment 
con- 
crete 

Brick 

Bridges 

Total 

Alabama 

78.1 
37.8 

149.8 
85.2 
81.1 
86.6 
63.5 

17.4 

31.2 
4.0 

10.6 
5.1 
1.0 

4.8 
17.8 
15.9 
51.4 
42.4 
17.3 
26.6 
21.1 
25.5 
12.8 

168.2 
70.4 

121.1 
93.7 
16.8 

0.2 
0.4 
0.3 

281  6 

Arizona 

16.0 

161. 1 

Arkansas 

4.5 
7.3 

8.3 
14.8 

120  7 

California -.. 

71.0 
12.5 

236. 1 

Colorado 

0.5 

119  9 

Connecticut 

17  3 

Delaware-  - 

26.6 

Florida 

20.6 
20.8 

8.6 
9.1 

6.8 

3.8 

0.1 
0.6 
0.1 
0.9 
0.3 

54.1 

Georgia 

152.7 

100.3 
78.9 

4.5 

313  4 

Idaho 

2.3 

0.2 

0.5 

269.0 

37.5 

89.0 

100.7 

Illinois. 

169  4 

Indiana.- 

""ie.'s" 

12.4 
10^.2 
20.1 

2.9 
49.3 
48.0 

5.0 

83.6 

Iowa 

498.3 

Kansas 

Kentucky 

Louisiana. 

8.7 
41.1 

""L9 
'"'I'd' 
""'9.3 

18.1 

"'"o.'i" 

197.0 
149.8 
51.2 

Maine  i 

12.1 

16.8 
48.2 
22.2 
92.5 

6.9 
19.0 
25.6 

4.8 
24.4 

1.2 

1.9 
37.8 

6.8 
169.6 
68.8 

1.  1 
69.0 
15.0 

9.0 
158.1 

4.8 

3.7 

0.8 

77.0 

Maryland __ 

1.0 

60.6 

42.1 

0.3 

64  5 

Michigan       

40.7 

291.2 

93.5 

236.6 

33.5 

57.1 

24.7 

8.3 

■      8.9 

151  5 

Minnesota 

81.2 

""ll'V 

"ioo.'g' 

""2'S 
4.4' 

0.2 

'""'6."8" 
0.1 

""o'.V 

0.8 

379  6 

Mississi  ppi 

ii.  i 

>-28.7 

"""iao" 

3.4 

144  3 

Missouri 

104.5 
25.6 

144.2 
13.5 

357.0 

Montana 

63.9 

Nebraska 

6.7 

""z'l' 

337.8 

Nevada 

I  -3.5 
5.2 

15.6 
14.5 

51.7 

New  Hampshire 

34.5 

New  Jersev 

37  8 

New  Me«co 

42.6 

129.0 

0.'7 

'   "24."4' 

'  -0.4 

26.6 

18.2 

12.3 

14.5 

3.9 

2.8 

179.0 

New  York _ . . 

119.2 
1-5.0 

6.7 

1.4 
0.1 
0.3 

""o'i' 

0.4 

291.0 

North  Carolina 

North  Dakota _ 

3.1 

497.9 

13.5 

0.9 

4.5 
1.5 

"'iCT.'s' 

14.3 

110.2 
668.2 

Ohio 

5.6 
6.3 

33.7 

267.7 

Oklahoma 

0.3 

82.6 
110.7 

123  8 

Oregon 

132.4 

Pennsvl  vania 

0.3 

1.8 

174.0 

Rhode  Island __ 

10.5 

South  Carolina 

292.6 

21.5 
374.2 

'  -0.2 
0.2 

320.6 

South  Dakota 

42.2 

3.3 

32.2 

39.1 

417.4 

Tennessee 

19.3 
34.5 

62.5 
61.6 

85.2 

Texas... 

429.9 
89.3 
15.6 

""42.'9' 

7.1 

175.4 

30.9 

40.9 

21.9 
11.0 

19.2 

0.7 
0.5 
0.2 
0.3 
0.4 

641.2 

Utah.... 

139.9 

Vermont 

""ll'l 

5.4 
28.6 

21  3 

Virginia 

12.0 
1.6 
10.2 
24.2 
14.3 

48.6 

'"i8.'9' 
121.0 

57.2 

4.6 

10.2 

47.4 

163  9 

Washington 

49.4 

West  Virginia    .  . 

24.3 

52.0 

Wisconsin 

265.8 

Wvoming 

'  -0.2 

165.9 

Total 

1,604.8 

888.2 

3, 353.  8 

106.7 

566.6 

252.1 

1,667.9 

169.4 

10.8 

8620.3 

'  Negative  figures  caused  by  revision  of  records  when  final  vouchers  were  paid  on  projects  the  type  of 
which  was  changed  after  ratification  of  project  agreement. 


The  wisdom  of  tlie  stage-construc- 
tion policy  whicli  has  been  followed  in 
the  approval  of  gravel  and  other  low- 
type  .surfacing  materials  for  a  large 
percentage  of  the  total  improved  mile- 
age has  been  definitely  proved  by  ex- 
periments conducted  by  the  Iowa  State 
College.  These  experiments  show  that 
the  tractive  resistance  of  well-main- 
tained gravel  surfaces  is  only  slightly 
greater  than  that  of  the  highest  types 
of  paved  roads.  The  cost  of  vehicu- 
lar operation  over  such  roads  is  there- 
fore not  greatly  in  excess  of  the  mini- 
mum attainable  by  paving.  The  origi- 
nal cost  is  much  lower,   and  so  long 


as  the  traffic  does  not  exceed  in  volume 
or  weight  the  limits  within  which 
these  lower  types  are  economically 
maintainable,  the  experiments  indicate 
that  the  investment  in  them  is  a  good 
one.  Other  experiments  show  that 
the  low-type  surfaces  make  the  best 
possible  bases  for  pavements  when  tlie 
traffic  reaches  proportions  which 
justify  paving. 

IMPORTANT    BRIDGES    BUILT    WITH 
FEDERAL   AID 

One  of  the  most  helpful  results  of 
Federal  aid  to  road  construction  has 
been   the   bridging   of  major   streams 
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which  it  has  encouraged  and  made  pos- 
sible. Such  streams  are,  in  many 
cases,  the  boundaries  of  counties  or 
States,  and  the  necessity  of  securing 
joint  action  of  the  authorities  of  the 
two  political  divisions,  coupled  with 
the  inadequacy  of  funds  available, 
has  made  the  construction  of  modern 
structures  over  wide  rivers  an  almost 
hopeless  problem.  Yet  it  is  evident 
that  no  continuous  road  system  is  pos- 
sible without  bridging  these  barriers. 
Federal  aid  and  the  coordinating  in- 
fluence of  the  Federal  Government 
have  been  the  means  of  securing  prac- 
tical action  in  a  great  many  cases  of 
this  sort.  Tiie  careful  study  of  the 
principal  lines  of  travel  leading  to  the 
designation  of  the  Federal-aid  high- 
way system  has  developed  clearly  the 
need  of  bridges  of  this  character  over 
certain  streams  and  has  brought  about 
agreement  as  to  the  locations  in  which 
the  bridges  should  be  built.  This  bene- 
fit has  been  experienced  by  the  ma- 
jority of  the  States,  especially  those 
of  the  South  and  the  Mississippi 
Valley. 

RAILROAD    GRADE    CROSSING    ELIMINA- 
TION 

In  cojmection  with  the  designation 
of  the  Federal-aid  highway  system  and 
the  approval  of  projects  for  construc- 
tion it  has  been  possible  to  foresee 
some  of  the  possibilities  of  railroad 
grade-crossing  elimination.  The  de- 
velopment of  automobile  traffic  and  the 
statistics  of  grade-crossing  accidents 
give  the  fullest  possible  justification 
to  any  reasonable  action  which  will 
reduce  the  hazards  to  both  railway 
and  highway  traffic  at  such  points. 

Studies  of  the  railroad  and  highway 
intersections  have  already  been  com- 
pleted in  several  States,  and  so  far  as 
possible  the  various  grade  crossings 
have  been  classified  according  to  the 
degree  of  danger  existing. 

The  results  so  far  accomplished  in 
the  elimination  of  grade  crossings 
are  very  gratifying.  The  State  high- 
way departments  and  the  bureau  have 
been  able  to  secure  the  elimination  of 
26  per  cent  of  the  grade  crossings 
existing  in  projects  submitted  to  the 
bureau  for  approval.  Of  the  total 
number  of  crossings  eliminated,  65 
per  cent  were  removed  by  relocation 
of  the  road  and  the  remainder  by 
suitable  overhead  structures  or  under- 
passes. In  a  great  many  cases  the 
grade  crossings  which  remain  in  a 
project  are  branch-line  railroads  or 
industrial  roads  carrying  very  few 
trains  and.  therefore,  not  wan-anting 
at  this  time  the  usual  heavy  costs  of 


elimination.  The  disposal  of  26  per 
cent  of  the  grade  crossings  represents, 
therefore,  the  elimination  of  a  much 
larger  percentage  of  the  hazard,  be- 
cause elimination  is  confined  more 
or  less  to  the  most  dangerous  inter- 
sections. 

FOREST  HIGHWAY  IMPROVEMENT 

In  C(Hupliance  with  the  Federal 
highway  act  of  November  9,  1921,  for- 
est highway  systems  have  been  se- 
lected in  Alaska  and  all  except  three 
of  the  Western  States  in  which  there 
are  national  forests.  Negotiations  are 
still  under  way  in  California,  Oregon, 
and  New  Mexico,  and  it  is  hoped  that 
a  satisfactory  agreement  can  be 
reached  in  the  near  future  with  re- 
spect to  the  systems  of  these  States. 

The  forest  highway  systems,  which 
have  been  selected  by  conference 
between  representatives  of  the  State 
highway  departments,  the  Bureau  of 
Public  lloads,  and  the  Forest  Service, 
are  composed  of  three  classes  of 
roads,  as  follows : 

(1)  All  existing  and  proposed 
roads  or  pai*ts  of  roads,  which  are 
necessary  sections  or  extensions  of 
the  Fe<ieral-aid  system  wholly  within 
the  national  forests. 

(2)  Otlier  existing  and  proposed 
roads  or  parts  of  roads,  which  are 
extensions  of  the  Federal-aid  system 
and  partly  within  or  adjacent  to  and 
serving  the  national  forests,  and  which 
may  be  designated  as  forest  roads  by 
the  Forester  and  the  Chief  of  the 
Bureau  of  Public  Roads. 

(3)  Other  existing  or  proposed 
forest  roads  of  primary  importance  to 
counties  or  communities. 

Present  indications  are  that  the  for- 
est highway  system  when  completed 
will  include  approximately  775  miles 
of  class  1  road,  between  6,000  and 
7,000  of  class  2  road,  and  between 
4,000  and  5,000  of  class  3  road,  or  in 
the  neighborhood  of  12,000  miles  of 
forest  highways.  All  future  forest 
highway  appropriations  must  be  ex- 
pended on  this  system  when  finally 
approved.  The  selection  of  the  forest 
highway  system  has  required  a  large 
number  of  detailed  field  inspections  in 
order  to  determine  the  fitness  of  the 
various  classes  of  forest  highways  to 
form  a  part  of  the  proposed  system. 

Up  to  the  close  of  the  fiscal  year 
1,823  miles  of  forest  roads  had  been 
completed,  the  construction  of  which 
represented  an  expenditure  equivalent 
to  $18,228,304.52.  This  amount  does 
not  include  the  costs  of  administra- 
tion, surveys,  and  plans,  but  does  in- 
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elude  an  allowance  for  the  Govern- 
ment-owned material  and  equipment 
used  in  the  construction.  These  are 
charged  at  slightly  less  than  the  cur- 
vent  market  rates. 

The  roads  completed  during  the  year 
amomit  to  286  miles,  their  total  cost 
on  the  basis  described  above  being 
$4,166,861.79.  In  addition  there  were 
under  construction  at  the  end  of  the 
year  1,042.5  miles,  which  it  is  esti- 
mated will  cost  in  excess  of  $16,000,- 
000.  The  expenditure  on  these  proj- 
ects up  to  the  close  of  the  year 
amounted  to  $8,308,104.44. 

Work  on  the  various  pi'ojects  has 
progressed  satisfactorily,  and  it  is  ex- 
pected that  the  mileage  of  completed 
road  will  be  considerably  increased  by 
the  completion  of  a  number  of  proj- 
ects which  are  now  in  the  final  stages 
of  construction.  In  many  sections  the 
season  for  forest  highway  work  is 
short.  On  this  account  it  is  desirable 
that  contracts  be  let  as  early  as  pos- 
sible in  the  season,  and  efforts  have 
been  made  to  do  so.  In  some  cases, 
however,  the  difficulty  of  negotiating 
agreements  with  local  authorities  has 
dela3'ed  the  work. 

Traffic  has  increased  on  many  of  the 
forest  highways  to  a  point  where  it 
has  become  necessary  to  widen  some 
of  the  earlier  projects.  It  has  also 
been  found  desirable  to  surface  many 
of  the  projects  previously  constructed, 
and  present  plans  provide  for  surfac- 
ing, except  on  those  projects  where 
the  natural  soil  is  of  such  a  nature 
that  it  will  carry  the  traffic  without 
additional  surfacing.  A  considerable 
improvement  has  been  made  in  stand- 
ards, and  the  roads  being  constructed 
as  forest  highways  compare  favorably 
with  the  roads  constructed  as  Fed- 
eral-aid highways.  It  is  our  endeavor 
wherever  possible  to  keep  the  standard 
of  the  forest  highways  equal  to  those 
of  adjacent  State  and  Federal-aid 
highways.  In  the  matter  of  struc- 
tures, while  every  attempt  has  been 
made  to  utilize  to  the  fullest  extent 
the  local  materials  available,  perma- 
nent structures  have  been  built  as  far 
as  possible. 

The  bureau  has  undertaken  the 
maintenance  of  all  forest  highway 
projects  for  the  first  two  years  after 
their  completion.  After  this  period 
the  local  cooperator  assumes ,  the  re- 
sponsibility and  expense  of  mainte- 
nance. The  most  critical  time  for 
maintenance  is  the  first  two  years 
after  construction,  and  it  has  been 
foimd  desirable  for  the  bureau  to  han- 
dle the  maintenance  work  on  the  proj- 
ect during  this  period.  At  the  end  of 
this  time  sliding  of  the  banks  has  usu- 


ally ceased  and  the  surface  has  been 
put  in  a  fairly  good  condition  to  with- 
stand traffic. 

SURPLUS  WAR  MATERIALS 

The  distribution  of  surplus  war  ma- 
terials has  dropped  in  quantity  to  just 
about  the  point  of  minimum  economic 
operation.  The  following  tabulation 
shows  the  class  of  material  being  dis- 
tributed : 

Surplus  irar  material  sJiipped  during 
the  fiscal  pear  1924 


Item 

Num- 
ber 

Value 

ISIotor  vehicles 

860 
125 
24 

$1,693,847.40 

Tractors 

530,  208.  94 

Steel  buildings 

132,  700. 00 

Automobile  spare  parts 

1,  568,  741.  00 

Tractor  spare  parts         

654, 183.  00 

Engineer  and  shop  tools 

433, 900.  40 

Shop  machinery 

1,  007, 186.  40 

86, 048.  70 

Rail  and  structural  steel 

135,  792.  84 

Explosives. 

3,  412, 820.  43 

Miscellaneous  road-building 
material 

2,  616, 104.  04 

Total    

12,  271, 533. 15 

Of  the  total  volume  of  material 
distributed,  valued  at  .$12,271,533.15, 
a  part,  valued  at  $8,978,412.23,  was 
distributed  to  State  highway  depart- 
ments, $748,910.12  in  value  to  United 
States  Government  departments,  and 
$2,544,210.80  was  the  value  of  the  ex- 
plosives shipped  to  farmers  for  land- 
clearing  purposes. 

The  type  of  material  distributed  has 
changed  somewhat.  The  item  of  mo- 
tor vehicles,  which  was  the  first  and 
biggest  single  item  of  war  surplus  to 
be  distributed  and  which,  up  until  this 
year,  constituted  over  40  per  cent  in 
value  of  the  total  distribution,  has 
dropped  to  a  relatively  small  quantity, 
and  during  the  past  year  constituted 
only  about  14  per  cent  in  value  of  the 
total    distributions. 

The  high  percentage  of  general  mis- 
cellaneous material  has  also  been  less- 
ened, and  the  greater  part  of  the  mate- 
rial now  being  shipped,  as  will  be  seen 
from  the  tabulation,  consists  of  shop 
machinery,  road  machinery,  automo- 
bile spare  parts,  tractors,  tractor 
parts,  engineer  and  shop  tools,  and  ex- 
plosives. 

The  two  items  of  shop  machinery 
and  explosives  have  become  increas- 
ingly important.  The  total  percent- 
age of  shop  machinery  previous  to  this 
year  was  only  2  per  cent  of  the  total 
material    shipped.      During   the    past 
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year  the  shop  machinery  shipped 
amounted  to  S  per  cent  of  tlie  total. 
The  percentage  of  explosives  previous 
to  this  year  was  slightly  less  than  3 
per  cent  of  the  total  material  shipped. 
During  the  past  year  the  explosives 
shipped  amounted  to  2S  per  cent  in 
value  of  the  total  material  shipped. 

Tlie  quantity  of  explosives  shipped 
during  the  ensuing  year  will  he  still 
higher.  The  sodium  pici'ate  and  the 
sodatol  distributions  have  been  prac- 
tically completed.  Recently,  however, 
a  contract  has  been  let  for  the  mix- 
ing and  cartridging  of  another  explo- 
sive, known  as  pyrotol,  which  is  now 
available,  and  from  present  indica- 
tions, it  will  have  a  still  lai'ger  dis- 
tribution than  any  explosive  previ- 
ously shipped  by  the  Department  of 
Agriculture.  The  total  amount  avail- 
able under  the  contract  is  approxi- 
mately GO.000,000  pounds,  representing 
a  value  of  about  $9,000,000. 

The  total  value  of  surplus  war  ma- 
terial distributed  up  to  the  end  of  the 
fiscal  year  is  .$241,067,370.65.  The  class 
of  material  distributed  is  shown  in  the 
accompanying  table. 

T'lffil  value  of  all  .inrplus  war  mate- 
rial shipped  tip  to  the  end  of  the 
fiscal  year  1924 


Item 


Num- 
ber 


Motor  vehicles I  35,395 


Tractors. 

Steel  buildings 

Automobile  spare  parts... 

Tractor  spare  parts 

Engineer  and  shop  tools  .. 

Shop  machinery 

Road  machinery 

Rail  and  structural  steel.. 

Hospital  supplies 

Explosives 

Miscellaneous  road-build- 
ing supplies 


2,441 
24 


Value 


$96,  790, 

14,441, 

132, 

23, 452, 

1, 494, 

3,084, 

6,000, 

86, 

2,109, 

2, 366, 

10, 090, 


449.40 
277.  94 
700.00 
767.00 
053.00 
973. 40 
424.  40 
048.70 
295.84 
134.00 
338.  43 


81, 018,  908.  54 


Total. :  241,067,370.65 


The  estimated  sales  value  of  the 
alwve  material,  at  <the  low  prices 
which  the  War  Department  has  com- 
monly received  for  property  so  sold, 
would  have  been  somewhere  between 
$20,000,000  and  $30,000,000.  The  net 
gain  to  the  taxpayers  of  the  United 
States  is  something  over  $210,000,000. 

IMPORTANCE    OF   HIGHWAY    RESEARCH 

For  several  years  the  reports  of  the 
bureau  have  referred  to  the  various 
researches  which  have  been  under- 
taken in  the  physical  and  economic 
fields.  We  have  regarded  these  in- 
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vestigations  as  a  duty  and  have  looked 
upon  them  as  no  less  important  than 
the  work  of  construction  represented 
by  the  Federal-aid  activities.  It  has 
been  felt  that  they  were  imperatively 
needed,  in  fact,  to  insure  the  success- 
ful administration  of  the  construction 
work. 

A  numl>er  of  investigations  of  the 
most  fundamental  character  have  been 
under  way  for  several  years.  Because 
of  their  importance  it  has  been  felt 
that  they  should  be  conducted  in  the 
most  thorough  manner  possible,  and 
the  great  amount  of  detail  involved 
in  such  a  treatment  has  made  it  im- 
possible to  present  definite  conclusions. 
After  several  years  of  intensive  work 
we  are  now  reaching  the  point  where 
the  seA^eral  lines  of  investigation  are 
beginning  to  produce  definite  results, 
and  the  practical  value  of  these  results 
is  most  gratifying. 

Realizing  that  road  improvement  is 
justifiable  only  if  it  facilitates  or  re- 
duces the  cost  of  necessary  and  legiti- 
mate highway  ti'ansportation  we  have 
been  endeavoring  to  establish  the 
factual  basis  for  a  .scientific  and  busi- 
nesslike administration  of  highway 
improvement.  As  a  result  of  the  in- 
vestigations of  the  bureau  and  of  other 
agencies,  a  number  of  which  have 
worked  in  direct  cooperation,  facts 
are  now  being  brought  to  light  which, 
considered  in  relation  to  each  other, 
do  indicate  the  general  outlines  of  a 
scientific  method  which  will  practi- 
cally eliminate  guesswork,  waste,  and 
uneconomical  practices. 

To  indicate  the  practical  character 
of  the  results  of  the  investigations  it 
may  be  appropriate  to  refer  to  a  num- 
ber" of  phases  of  the  road  problems, 
the  treatment  of  which  rested  for- 
merly largely  upon  individual  opinion 
or  belief,  which  are  now  dealt  with  in 
a  scientific  manner.  In  the  first  place, 
it  is  no  longer  necessary  that  there 
sliall  be  any  doubt  as  to  the  necessity 
or  economy  of  any  particular  road 
improvement.  Methods  have  been  de- 
vised by  which  it  can  be  determined 
with  scientific  accuracy  whether  or 
not  the  improvement  of  a  road  is  de- 
sirable and  the  form  which  the  pro- 
posed improvement  should  take.  The 
studies  of  subgrade  soils  are  show- 
ing what  practical  steps  may  be  taken 
to  secure  a  satisfactory  foundation 
for  the  roads  and  what  provision  must 
be  made  in  the  design  of  the  surface 
to  overcome  the  handicap  of  unstable 
subgrades.  It  is  now  possible  to  de- 
sign with  practical  certainty  types  of 
road  surface  which  will  satisfactorily 
serve  traffic  of  several  classes  of  den- 
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sity  and  weight  and  to  adopt  the  type 
of  surface  to  the  traffic  with  consid- 
erable precision.  Methods  of  mainte- 
nance are  gradually  crystallizing 
which  insure  the  conservation  of  the 
investments  made ;  and  principles  of 
finance  have  been  evolved,  based  upon 
the  economic  and  physical  investiga- 
tions, which  seem  to  assure  wise  ex- 
penditure of  the  public  money  and  a 
fair  distribution  of  the  expense  to  tlie 
several  classes  benefited. 

PHYSICAL  RESEARCHES  AND  TESTS 

The  physical  investigations  may  be 
divided  into  those  which  have  to  do 
primarily  with  the  obtaining  of  facts 
leading  to  the  better  design  of  roads 
to  carry  motor  vehicles  and  investiga- 
tions which  throw  more  light  on  the 
reasons  for  the  physical  behavior  of 
the  various  kinds  of  road  materials 
under  the  present-day  motor  traffic. 

The  impact  experiments  conducted 
on  a  very  large  number  of  road  slabs 
for  tlie  purpose  of  determining  tlie 
load-carrying  capacity  of  these  slabs 
when  subjected  to  impact  loads  have 
recently  been  completed  and  the  re- 
sults have  been  published.  These  re- 
sults add  considerably  to  our  knowl- 
edge of  the  proper  design  of  pavements 
for  withstanding  heavy  loads.  In  or- 
der to  bring  this  series  of  tests  to  a 
successful  completion  it  \^'as  necessary 
to  design  and  build  not  only  the  slabs 
to  be  tested  and  the  testing  machine 
but  all  testing  apparatus  used  in 
measuring  the  impact  forces  and 
stresses.  Such  measurements  have  al- 
ways been  recognized  as  presenting 
very  great  difficulties,  but  thc^e  diffi- 
culties were  successfully  overcome. 

During  the  past  year  a  number  of 
stress  measurements  have  been  taken 
on  concrete  roads  having  different 
thicknesses  and  cross  sections,  as  well 
as  different  amounts  of  steel  reinforce- 
ment. Here  again  it  was  necessary  to 
develop  the  entire  technique  and  appa- 
ratus used  in  such  measurements,  as 
no  suitable  apparatus  for  this  purpose 
was  in  existence.  The  procedure 
finally  developed  was  entirely  success- 
ful and  the  apparatus,  built  in  our 
own  instrument  shops,  has  given  ex- 
cellent results,  so  that  our  knowledge 
of  the  action  of  traffic  loads  in  pro- 
ducing stresses  in  concrete  pavements 
has  been  greatly  advanced. 

Another  investigation  which  was 
begun  during  the  past  year  with  the 
cooperation  of  the  Rubber  Association 
of  America  and  the  Society  of  Auto- 
motive Engineers  deals  primarily  with 
the  measurement  of  the  impact  de- 
livered   to    road    surfaces    by    motor 


vehicles  equipped  with  a  wide  variety 
of  tires  and  running  at  various  speeds. 
Other  variables  include  the  weight  of 
the  vehicle  and  the  load  carried.  An 
incomplete  set  of  investigations  of  this 
sort  was  made  several  years  ago. 
These  investigations  were  recognized 
as  approximate,  but  even  so  they  have 
proved  of  considerable  value ;  in  fact, 
of  so  much  value  that  the  present  in- 
vestigations were  requested  by  manu- 
facturers of  automotive  equipment.  In 
the  present  series  of  tests  a  very  exact 
method  has  been  developed  for  meas- 
uring impact.  This  method  consists 
of  the  use  of  an  accelerometer,  which 
after  repeated  trial  has  been  made  to 
give  results  in  a  most  simple  and  re- 
liable manner.  These  results  will  be 
of  very  great  value,  not  only  to  tire 
manufacturers  but  to  manufacturers 
of  motor  vehicles,  to  road  engineers, 
and  to  legislators  in  dealing  with  legis- 
lation pertaining  to  highways  and  the 
control  of  motor  vehicles. 

Still  another  series  of  tests  that 
have  almost  been  brought  to  comple- 
tion during  the  past  year  involves  the 
proper  design  of  so-called  skew  arches, 
in  which  the  roadway  is  not  perpen- 
dicular to  the  abutments.  Here  again 
all  test  methods  and  apparatus  had  to 
be  designed  and  constructed.  These 
tests  have  been  carried  out  success- 
fully, and  the  results,  no  doubt,  will 
lead  to  a  change  in  our  present  meth- 
ods of  skew-arch  design. 

One  series  of  tests  which  has 
attracted  considerable  attention  was 
conducted  on  a  circular  track,  built 
at  Arlington,  Va.,  and  surfaced  with 
62  kinds  of  concrete.  The  purpose 
of  the  test  was  to  determine  what 
are  the  safe  limits  of  physical  prop- 
erties of  aggregates  for  use  in  con- 
crete road  construction.  This  ques- 
tion is  of  great  importance.  Depend- 
ing upon  the  answer  to  it  rests  the 
decision  in  many  cases  as  to  the  use 
of  a  local  material,  admittedly  not  the 
best,  but  obtainable  without  heavy 
freight  charges,  or  a  better  material 
available  at  a  greater  distance  from 
the  site  of  the  work.  Tlae  track  was 
200  feet  in  diameter  and  was  subjected 
to  rubber-tired  traffic  by  means  of 
a  special  truck.  After  thousands  of 
passages,  it  was  established  that  rub- 
ber-tired trafl^c  alone  is  not  harmful 
to  concrete  surfaces,  but  that  when 
equipped  with  tire  chains  consider- 
able wear  takes  place.  The  safe 
limit  of  softness  of  rock  suitable  for 
concrete  road  construction  was  like- 
wise established.  Various  other  facts 
were  brought  out  which  will  be  of 
great  value  when  they  become  a  part 
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of  active  practice   in  future  concrete 
road  construction. 

NONBITUMINOUS  ROAD  MATERIALS 

A  series  of  tests  of  paving  brick 
was  made  in  cooperation  witli  the 
American  Society  for  Testing  Ma- 
terials with  the  idea  of  determining 
the  effect  of  variation  in  the  size  of 
the  bricli  upon  tlie  rattler  loss. 
Parallel  tests  for  hardness  and  tough- 
ness from  both  the  center  and  sur- 
face were  likewise  run  for  the  pur- 
pose of  determining  difference  in 
quality  between  the  inside  and  sur- 
face. Four  samples  of  paving  brick 
were  examined,  two  of  a  light-burned 
and  two  of  a  hard-buraed  variety. 
Approximately  260  tests  for  hardness 
and    toughness    were    made. 

In  cooperation  with  Committee  C-1 
of  the  American  Society  for  Testing 
Materials,  a  comprehensive  series  of 
tests  in  connection  with  the  proposed 
compression  test  for  Portland  cement 
was  begun.  Tliis  series  of  tests  in- 
volved the  making  and  testing  of 
1,068  specimens. 

A  series  of  tests  were  run  involving 
the  fabrication  of  approximately  70 
concrete  specimens  with  the  oliject  of 
determining  the  relation  between  the 
quality  of  cement  and  the  quality  of 
the  concrete  in  which  it  is  used.  The 
results  of  this  series  indicated  that 
whereas  quite  high  variations  in 
crushing  strength  were  obsei'ved  at 
early  periods,  depending  upon  the 
quality  of  cement  used,  these  varia- 
tions tended  to  become  much  less 
marked  as  the  concrete  aged.  This 
work  is  being  continued  during  the 
present  fiscal  year  in  cooperation  with 
the  California  State  Highway  Commis- 
sion. 

An  investigation  of  the  relation  be- 
tween the  strength-ratio  determination 
of  concrete  sands  and  the  crushing 
strength  obtained  from  concrete  in 
which  the  sands  were  used  was  started 
and  considerable  data  obtained.  It 
was  possible  during  the  year  to  com- 
plete the  study  of  three  sands.  These 
sands  have  been  tested  in  concrete  in 
the  form  of  cylinders  for  compression 
tests,  beams  for  cross-bending  tests, 
as  well  as  cylinders  and  beams  for 
mortar  tests. 

Several  methods  were  tried  with 
the  idea  of  obtaining  a  satisfactory 
scheme  for'  estimating  the  amount  of 
water  required  to  produce  a  natural 
sand  mortar  of  normal  consistency. 
The  most  practical  method  so  far  de- 
vised is  a  method  which  involves  a 
combination  of  the  surface-area  prin- 


ciple with  a  scheme  for  determinitig 
the  water-holding  capacity  or"  the 
sand. 

A  study  of  laboratory  tests  for  de- 
termining quality  of  rmMv  as  ooiifrete 
aggregate  was  continued.  These  stud- 
ies included  an  attempt  to  determine 
the  abrasion  loss  of  crushed-stone 
samples  in  such  a  way  as  to  make  tlie 
results  comparable  witli  the  standard 
test.  Seven  samples  were  tested  in 
the  laboratory  and  one  sample  was 
sulimitted  to  10  cooperative  labora- 
tories for  check  tests. 

The  bureau  cooperated  with  the 
American  Society  for  Testing  Mate- 
rials, the  Bureau  of  Standards,  and 
other  agencies,  with  the  idea  of  de- 
veloping a  universal  standard  screen 
scale  for  testing  sieves.  Substantial 
progress  has  been  made  along  this 
line  and  it  is  hoped  that  such  stand- 
ardization will  shortly  result  in  the 
use  of  a  single  screen  scale  by  all 
testing  laboratories. 

Several  tests  of  slag  cement  were 
made  with  a  view  to  determining  some 
method  for  accelerating  the  setting 
and  increasing  the  strength  of  this 
cement. 

Several  sets  of  tests  were  made  as 
part  of  a  program  in  r-onnection  with 
the  protective  treatment  of  roncrete 
against   alkali   action. 

Numerous  tests  to  determine  the 
effect  of  moisture  in  causing  the  bulk- 
ing of  sands  have  been  run.  In  addi- 
tion, a  series  of  96  cylinders  were 
fabricated  and  tested  to  show  the 
effect  of  bulking  on  the  strengtli  and 
yield  of  concrete.  The  I'esults  of  these 
tests  were  published  in  Public  Roads. 

A  method  for  determining  the  dye 
adsorption  of  soils  has  been  developed 
and  a  public  patent  has  been  obtained. 

BITUMINOUS  ROAD  MATERIALS 

The  bituminous  investigations  u]ion 
which  most  effort  has  been  expended 
and  which  have  attracted  most  atten- 
.  tion  have  been  those  undertaken  to 
evolve  tests  of  bituminous  paving  mix- 
tures, particularly  in  regard  to  their 
behavior  under  traffic.  During  the  fis- 
cal year  ended  June  30,  192.3,  a  cir- 
cular roadway  \vas  constructed  com- 
prising 27  sections  of  bituminous  con- 
crete in  which  the  hardness  of  the 
asphalt  and  proportions  of  the  differ- 
ent sizes  of  aggregates  were  varied. 
These  sections  were  then  subjected  to 
the  traffic  of  a  motor  truck  with  the 
ob.iect  of  developing  the  waves  or  cor- 
rugations which  occasionally  occur  in 
bituminous  pavements,  and  determin- 
ing the  relative  stability  of  the  various 
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mixtures.  During  the  summer  of  1923 
marked  differences  in  the  various  mix- 
tures were  observed  and  toward  the 
end  of  tlie  season,  when  about  50,000 
trips  of  a  3  ton  loaded  truclv  had  been 
made,  the  surface  of  a  few  sections 
became  badly  displaced,  and  this  phase 
of  the  test  was  concluded. 

Tlie  tlrst  series  of  experimental 
pavements  has  since  been  removed  and 
plans  have  been  completed  for  the  con- 
struction of  a  second  series,  compris- 
ing 28  sections  of  sand  mixtures  in 
wliich  the  grading  of  sand,  percentage 
of  filler  dust,  and  percentage,  con- 
sistency, and  character  of  asphalt  are 
varied,  together  with  5  sections  of 
stone  and  sand  mixtures.  These  pave- 
ments will  be  laid  in  tlie  summer  of 
1924  and  sub.iected  to  traffic  in  the 
same  manner  as  the  first  series  for  the 
purpose  of  comparing  their  relative 
displacement. 

The  essential  purpose  of  this  field 
test  is,  however,  to  furnish  a  means  of 
correlating  service  behavior  with  lab- 
oratory tests  of  mixtures,  and  while 
testing  known  mixtures  under  traflic 
the  bureau  has  been  experimenting 
with  laboratory  tests  with  a  view  to 
developing  a  test  or  tests  which  will 
indicate  the  probable  stability  of  a 
rhixture  upon  the  road.  The  testing 
of  such  mixtures  is  a  field  of  research 
to  which  much  thought  and  consider- 
able experimental  study  has  been 
given  at  various  times,  but  which  has 
as  yet  brought  out  few  positive  and 
fundamental  facts. 

Considerable  work  has  been  done  in 
developing  methods  of  making  speci- 
mens and  in  tests  under  compression, 
I'Ut  results  have  not  been  sufficiently 
extensive  and  consistent  to  warrant 
the  drawing  of  definite  conclusions  in 
regard  to  this  phase  of  the  testing  of 
bituminous  mixtures.  A  great  deal 
of  additional  study  of  the  behavior 
of  mixtures  under  traflic  and  labora- 
tory tests  will  be  required  to  locate 
and  evaluate  the  factors  causing  or 
modifying  the  tendency  of  bituminous _ 
pavements  to  wave  under  traffic. 

The  vrork  of  the  bureau  in  the 
standardization  of  bituminous  mate- 
rials and  methods  of  testing  has  been 
carrietl  on  along  much  the  same  lines 
as  in  previous  years.  In  cooperation 
with  the  technical  committees  on  road 
materials  of  the  Fetleral  Specifications 
Board,  new  specifications  for  oil, 
as]>halt.  and  tar  products  have  lieen 
couipiled  and  the  bureau  has  also  as- 
sisted in  the  work  of  the  liquid  fuels 
and  lubricants  committee  of  the 
board.  Work  in  connection  with  stand- 
ardization of  methods  of  testing  lias 


been  carried  on  in  cooperation  with 
committees  of  the  American  Society 
for  Testing  Materials,  with  special 
i-efereuce  to  the  float  test  and  distil- 
lation of  tar  products,  the  softening 
point  of  asphalt,  and  the  asphaltic 
content  of  road  oils.  The  bureau  has 
also  participated  in  the  work  of  the 
materials  committee  of  the  Advisory 
Board  on  Highway  Research  of  the 
National  Re.search  Council  and  the 
committee  on  tests  and  investigations 
of  the  American  Association  of  State 
Higiiway  Officials. 

Cooperative  experimental  tests  have 
been  carried  on  with  various  State 
highway  testing  laboratories  in  con- 
nection with  the  work  of  the  subcom- 
mittee on  bituminous  and  chemical 
testing  problems  of  the  committee  on 
tests  and  investigations  of  the  Ameri- 
can Association  of  State  Highway  Offi- 
cials. The  progress  report  of  this 
committee  was  made  at  the  meeting  of 
the  committee  on  tests  and  investiga- 
tions held  in  New  Orleans,  December 
3  to  6,  1923.  The  subjects  being  inves- 
tigated by  this  committee  are  as  fol- 
lows : 

(1)  Method  for  the  determination  of 
adhesiveness  of  bituminous  materials. 

(2)  Method  for  the  determination  of 
the  percentage  of  Portland  cement  in 
concrete. 

(3)  Method  for  testing  premolded 
expansion  joints. 

(4)  Method  for  the  determination 
of  toughness  of  bituminous  mixtures. 

(5)  Method  for  the  determination  of 
asphaltic  content  of  road  oils. 

SUBGRADE    INVESTIGATIONS 

One  of  the  most  important  lines  of 
investigation  which  has  been  developed 
recentl.y  is  that  dealing  with  subgrade 
materials.  It  is  becoming  more  and 
more  clearly  recognized  that  the  kind 
of  subgrade  upon  which  a  road  is  con- 
structed plays  a  most  important  part 
in  the  durability  of  the  road  and  gov- 
erns to  a  large  extent  the  loads  it  will 
carry.  Much  laboratory  work  has 
been  done  during  the  past  year  in  the 
further  standardization  of  laboratory 
tests  for  subgrade  material,  and  in 
addition  a  great  deal  of  field  work  has 
been  performed  in  order  that  the 
laboratory  tests  might  be  given  their 
proper  significance.  The  investiga- 
tions point  directly  to  possible  ways  in 
which  plastic,  volume-changing  sub- 
grade  materials  may  be  improved  by 
the  use  of  admixtures  of  more  stable 
granular  materials.  By  field  observa- 
tions numerous  facts  have  been  deter- 
mined as  to  the  movement  of  moisture 
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in  the  subgrade,  the  relation  of  tem- 
perature to  moisture  content,  and  as 
to  the  possibility  of  reducing  the  mois- 
ture content.  Field  studies  have  been 
made  in  Iowa  and  Minnesota  during 
tlie  spring  thaw,  and  practical  field 
tests  on  roads  have  been  inaugurated 
to  test  the  value  of  the  processes  for 
improvement  wliich  have  been  sug- 
gested as  the  result  of  field  and  labora- 
tory observations. 

COOPERATIVE  RESEARCHES 

A.s  in  the  past,  cooperative  investi- 
gations conducted  with  a  number  of 
cooperating  agencies  proved  to  be  a 
very  important  feature  in  the  reseai'ch 
work  of  the  bureau.  The  projects 
upon  which  the  cooperative  agencies 
are  \\orking  liave  to  do  for  the  most 
part  with  materials  and  also  with  de- 
sign and  economics.  The  investiga- 
tions upon  which  the  several  cooperat- 
ing agencies  are  engaged  are  as  fol- 
lows : 

Purdue  University :  Various  investi- 
gations on  concrete  for  concrete  roads. 

University  of  Texas :  Investigations 
of  soils. 

Iowa  State  College :  Investigation  of 
tractive  resistance  of  motor  veliicles ; 
iuve.stigatlon  of  bridge  impact ;  deter- 
mination of  loads  on  culverts ;  and  an 
investigation  of  fuel  consumption  by 
motor  vehicles  when  operated  over 
several  types  of  road. 

University  of  Maryland :  Various 
studies  in  connection  with  concrete. 

Kansas  State  Agricultural  College: 
Tbe  study  of  wind  resistance  of  motor 
vehicles. 

University  of  Kansas :  Study  of  tire 
wear. 

Ohio  State  University :  Investiga- 
tions in  subgrade  materials. 

I'ennsylvania  Highway  Department : 
Investigations  in  concrete  road  design 
and  the  better  control  of  concrete  in 
the  field. 

TESTING  HIGHWAY  MATERIALS 

One  of  the  important  features  of 
the  work  of  the  bureau  is  the  routine 
laboratory  examination  of  materials 
used  in  road  construction.  During  the 
fiscal  year,  1,769  samples  of  various 
road  materials  were  subjected  to 
laboratory  examination,  1,350  In  the 
physical  laboratory  and  419  in  the 
chemical  laboratory.  Most  of  the 
samples  were  of  materials  used  in  con- 
nection with  Federal-aid  projects  and 
the  remainder  were  submitted  by  indi- 
viduals or  corporations  to  determine 
their  general  suitability  for  road  con- 
struction.    One  thousand   and  thirty- 


nine  samples  of  nonbituminous  mate- 
rials were  classified  and  examined  in 
the  petrographic  laboratory,  including 
372  samples  of  rock,  274  of  gravel,  305 
of  sand,  and  the  balance  of  miscella- 
neous materials. 

As  outlined  in  the  last  annual  re- 
port, routine  supervision  in  connec- 
tion with  materials  control  of  Fed- 
eral-aid projects  was  discontinued  by 
the  division  of  tests  and  turned  over 
to  the  various  materials  engineers. 
The  system  of  check-testing  in  cer- 
tain States,  inaugurated  last  year,  has 
been  continued.  As  a  result  of  this 
system,  several  inaccuracies  in  the 
technique  of  testing  were  discovered 
and  corrected  during  the  year. 

A  sand-testing  outfit  for  the  use  of 
materials  engineers  was  developed 
and  several  sets  have  already  !»een 
sent  out  to  the  districts.  It  is  planned 
to  furnish  district  engineers  with  addi- 
tional sets  as  needed. 

Two  laboratory  inspection  trips 
have  been  made  in  Federal-aid  dis- 
tricts 6  and  8,  the  first  during  tlie  fall 
of  1923  and  the  second  in  June,  1924. 
During  these  inspections  all  of  the 
laboratories  engaged  in  Federal-aid 
testing  in  the  10  States  comprising 
these  districts  were  visited  and  con- 
ferences were  had  with  materials  en- 
gineers stationed  at  Montgomery,  Ala., 
and  Fort  Worth,  Tex. 

HIGHWAY  ECONOMICS 

The  economic  utilization  of  the  mo- 
tor vehicle  as  a  transportation  facility 
has  opened  a  new  era  in  the  develop- 
ment of  transportation.  ■  The  influence 
on  our  national  life  of  the  passenger 
car  for  social  and  business  purposes 
and  the  motor  truck  for  the  transpor- 
tation of  commodities  is  difficult  to 
measure.  The  rapid  growth  in  the 
ownership  of  the  motor  vehicle  demon- 
strates its  value  in  our  economic  sys- 
tem, extending  and  increasing  the  effi- 
ciency of  farm  operation,  developing 
old  and  establishing  new  markets, 
speeding  the  conversion  of  raw  mate- 
rials into  finished  products,  and  has- 
tening the  processes  of  marketing  and 
distribution. 

In  1923  there  were  15,092,177  motor 
vehicles  registered  in  the  United 
States.  The  growth  in  motor-vehicle 
registration  has  resulted  in  a  steady 
yearly  increase  in  passenger-car  and 
motor-truck  mileage  and  an  increas- 
ing use  of  the  highway.  The  number 
of  motor  vehicles  in  use  in  1923  was 
twelve  times  the  number  in  1913. 
Gross  receipts  from  motor-vehicle  reg- 
istration  fees,   licenses,   permits,    etc., 
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liave  nearly  doubled  each  2-.vear 
period  from  1913  to  1921,  and  in- 
creased (tver  50  per  cent  from  1921  to 
1923.  Approximately  80  per  cent  of 
the  gross  revenues  from  motor  vehicles 
in  1921}  was  applicable  to  highway 
work  Ity  or  under  the  supervision  of 
State  highway  departments. 

The  result  of  the  rapid  growth  in 
the  ownership  of  motor  vehicles  dur- 
ing the  past  decade  has  been  a  con- 
stantly increasing  demand  for  high- 
way service. 

With  tne  rapid  growth  of  liighway 
transportation  the  history  of  the  de- 
velopment of  rail  transportation  has 
been  repeated ;  conflict,  misunder- 
standing, and  duplication  of  service 
between  the  old  and  new  facilities 
liave  developed.  The  utilization  of 
the  motor  truck  for  the  transportation 
of  freight  is  a  development  so  recent 
thiit  its  pro]>er  sphere  as  a  i)art  of  our 
complete  transportation  system  is  still 
to  be  established.  Recent  tendencies 
in  its  growth  have  indicated  that  its 
proper  held  of  operation  is  not  in  the 
long-distance  movement  of  commodi- 
ties, but  in  a  service  supplementary  to 
rail  and  water  lines  and  in  the  move 
ment  of  goods  within  the  terminal 
and  short-haul  zones.  Rail  and  boat 
lines  are  te.sting  the  practicability  of 
combined  service  by  the  utilization  of 
the  motor  truck  for  the  movement  of 
freight  in  the  short-haul  and  con- 
gested terminal  areas.  Its  success 
appears  to  demonstrate  an  increased 
iisx^»  of  the  motor  truck  in  this  par- 
ticular  tield. 

The  ec(«iomic  development  of  motor- 
truck transportation  in  the  future  will 
depend  largely  upon  the  stability  of 
(»rganizatioji  and  the  careful  regula- 
tion of  the  business. 

THE   PURPOSE   OF   TRAFFIC   SURVEYS 

To  provide  an  authentic  basis  for 
the  solution  of  many  of  the  problems 
(►f  liighway  construction,  maintenance, 
and  transportation,  and  to  develop 
sound  policies  to  govern  the  highway 
transjtortation  of  freight  and  i)assen- 
gers.  highway-transportation  surveys 
have  been  undertaken  in  Connecticut, 
California,  Peiuisylvania.  Maine,  and 
Cook  «'ounty.  111.  The  California  re- 
liort  has  been  jmblished  and  reports 
of  the  surveys  in  Connecticut.  Penn- 
sylvania. Maine,  and  Cook  Count>1 
will  be  issued  by  January,  1925.  Data 
have  been  sought  to  measure  the 
amount  and  type  of  highway  traffic, 
to  record  trafttc  information  that  will 
aid  in  solving  the  physical  and  econ- 
omic   lU'oblenis    of    highway    develop- 


ment, to  determine  the  relation  of 
highway  transportation  to  other  forms 
of  transportation,  and  to  establish 
fundamental  highway  trafRc  princi- 
ples. 

The  principal  purposes  of  the  data 
obtained  in  the  several  traffic  surveys 
are  as  follows : 


(1) 


HIGHWAY      ADMINISTRATION 
KNGINEEKING  DATA 


(d)  To  determine  daily,  seasonal, 
and  yearly  trafRc  flow  and  distribu- 
tion  on    State  highway   systems.     , 

(/))  To  estimate  future  traffic  on 
State  highway  systems. 

(r)  To  determine  the  relation  of 
traffic  density  to  the  factors  respon- 
sible for  the  growth  of  traffic,  such  as 
motor-vehicle  registration,  production, 
and    poi)ulation. 

id)  To  classify  highways  as  in- 
dusti'ial.  high,  medium,  or  low-type 
traffic  routes  based  on  (1)  passenger- 
car  and  motor-tiiick  density  and  (2) 
motoi'-tiuck  capacities,  gro.ss  loads, 
and    wlieel    loads. 

(r)  To  determine  the  density  of 
n)otoi--truck  traffic  and  the  gross  ton- 
nage per  mile  of  highw.iy. 

if)  To  determine  the  maximum 
loading  and  frequency  of  critical 
loads  on  the  highways  as  an  index  of 
I)avcnient  width  and  design  require- 
ments, and  to  establisli  highway  traffic 
width  and  design  factors  for  highways 
contiguous  to  large  centers  of  popula- 
tion. 

(r/)  To  determine  the  relation  be- 
tween highway  width,  traffic  density, 
and   speed. 

(h)  To  measure  the  effect  of  con- 
gestion at  intersections  and  "  bottle 
necks  "  upon   the  rate  of  traffic  flow. 

(i)  To  estimate  the  extent  to  wh-eh 
tlie  improvement  of  old  or  the  opening 
of  new  traffic  routes  is  economically 
.in  stifled. 

(i)  To  correlate  traffic  loads  and 
density  of  traffic  on  the  highways  with 
higliway  construction  and  maintenance 
costs. 

ik)  To  determine  the  t.vpe  and  vol- 
ume of  traffic  on  the  highway  as  an 
index  to  the  allocation  of  highway 
construction   and   maintenance   funds. 

(I)  To  determine  the  distribution  of 
motor-truck  loads  and  the  amount  and 
frequency  of  motor-truck  overloading. 

(/»)  To  compare  the  cost  of  various 
types  of  highway  improvements  such 
as  relocations,  grade  reductions,  elimi- 
nations of  grade  crossings,  (both  rail 
and  highway)  and  elimination  of 
traffic  "  bottle  necks "  with  the  esti- 
mated saving  in  transportation  costs 
resulting  from  such  improvements. 


BUKEAU    OP   PUBLIC   ROADS 


15 


(»)  To  compare  the  eaniiug  value  of 
the  State  highway  system  (based  ou 
passenger-miles  and  freiglit  ton-miles) 
witli  the  present  worth  of  the  highway 
system  using  replacement  value  minus 
depreciation  as  the  basis  of  computing 
present  worth. 

(2)    HIGHWAY  ECONOMIC  DATA 

(a)  To  obtain  highway  transporta- 
tion information  concerning  the  vol- 
ume of  tonnage  shipped  by  motor 
truck,  marketing  methods,  and  the  re- 
lation of  highway  transportation  to 
other  types  of  transportation. 

(ft)  To  determine  the  mileage  zones 
of  motor-truck  haulage  and  the  rela- 
tion of  the  type  of  commodity  hauled 
to  such  zones. 

(c)  To  estimate  the  net  tonnage  of 
freight  transported  by  regular  and  ir- 
regular trucking  operators. 

(cl)  To  determine  the  situs  of  owner- 
ship of  passenger  cars  and  motor 
trucks  operating  over  the  highway 
systems. 

(e)  To  estimate  the  value  of  motor- 
truck net  tonnage  hauled  over  the 
highway  systems. 

(/)  To  determine  the  type  of  origin 
and  destination  as  well  as  the  origin 
and  destination  of  net  tonnage  of 
commodities  transported  by  motor 
truck  over  the  highway  systems. 

(g)  To  obtain  information  concern- 
ing the  relation  of  motor-truck  trans- 
portation to  other  methods  of  trans- 
portation, particularly  as  to  competi- 
tion, rates,  operating  schedules,  and 
delivery  time  in  the  short,  middle-dis- 
tance, and  long-haul  mileage  zones. 

(/))  To  obtain  data  concerning  haul- 
age practices  of  motor-truck  opei'at'ors, 
the  volume  of  tonnage  transported  by 
motor  truck  between  various  cities  and 
areas,  and  additional  data  of  value  to 
governmental  agencies  cliargd  with  the 
regulation  and  control  of  highway 
transportation. 

(i)  To  estimate  passenger-car  busi- 
ness and  nonbusiness  usage  of  high- 
ways. 

(j)  To  determine  the  proportion  of 
farm  traffic  on  the  highways. 

AN     IMPORTANT     SURVEY     IN     THE 
CHICAGO  METROPOLITAN  AREA 

A  survey  of  highwa.v-truck  trans- 
portation and  marketing  in  the  Chi- 
cago metropolitan  area  is  substantially 
completed.  Data  have  been  recorded 
regarding  the  organization,  functions, 
operating  methods,  rates,  services,  and 
operating  costs  of  motor-trucking  com- 
panies, coordination  of  highway  trans- 
portation with  rail  transportation,  and 
the  marketing  of  special  commodities. 


Motor  trucking  in  the  Chicago  met- 
ropolitan area  is  largely  a  short-haul 
movement  with  but  a  small  tonnage 
movement  over  40  miles. 

The  average  gross  receipts  of  com- 
mercial trucking  companies  in  Chicago 
show  a  marked  variation  in  the  effi- 
ciency of  the  various  companies.  Av- 
erage gross  i-eceipts  per  year  per  em- 
ployee range  from  $2,000  to  $13,750  in 
the  case  of  the  most  efficient  organiza- 
tions. Companies  engaged  exclusively 
in  motor  trucking  and  whose  business 
consists  of  city  delivery  other  than  to 
and  from  railways,  supplemented  by 
haulage  of  freight  over  20  miles,  are 
the  most  successful  companies. 

The  principal  bases  of  rates  for  mo- 
tor transportation  of  freight  in  the 
Chicago  territory  are  (1)  cost  of  the 
service,  (2)  weight  of  the  shipment, 
(8)  length  of  haul. 

One  striking  fact  observed  in  this 
investigation  is  the  almost  complete 
absence  of  cost  records  maintained  by 
motor-trucking  companies. 

The  field  work  of  a  study  of  the 
influence  of  highway  improvement  on 
rural  land  values  in  ](>  counties  in 
Iowa  has  been  completed,  and  the 
final  report  is  being  prepared.  The 
conclusions  from  this  investigation, 
supported  by  a  series  of  similar  inves- 
tigations now  in  progress,  will  deter- 
mine the  limits  of  increase  in  rural 
land  values  resulting  from  the  several 
types  of  highway  improvements  and 
assist  in  determining  the  amount 
which  rural  land  can  economically 
contribute  to  highway  improvements 
on  the  basis  of  increased  values  per 
acre  resulting  from  the  highway  im- 
provement. 

IRRIGATION  INVESTIGATIONS 

The  development  of  an  irrigation 
enterprise  consists  of  two  principal  en- 
gineering phases:  (1)  The  design  and 
construction  of  the  work  necessary  to 
divert  and  distribute  the  water  to  the 
land;  and  (2)  the  location  and  build- 
ing of  farm  ditches  and  structures, 
preparation  of  the  land  for  irrigation, 
and  providing  equipment  for  success- 
ful operation  of  an  irrigated  farm. 
The  first  phase,  which  usually  re- 
quires a  large  expenditure  of  capital 
secured  by  organized  effort,  has  occu- 
pied the  center  of  the  stage  in  the  past 
and  has  often  been  thought  of  as 
being  the  one  engineering  feature  nec- 
essary to  be  dealt  with  by  those  re- 
sponsible for  promoting  the  enterprise, 
so  that  its  accomplishment  has  defi- 
nitely overshadowed  the  less  conspic- 
uous but  no  less  Important  irrigation 
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problems  connected  witti  the  farm 
which  have  usually  been  left  for  solu- 
tion by  the  individual  landownex'.  So 
little  attention,  in  fact,  has  been  paid 
to  the  farmer's  part  of  the  work  that 
irrigation  development  has  lacked  the 
balance  necessary  for  the  greatest  eco- 
nomic progress.  Until  quite  recently 
the  prevailing  assumption  was  that  a 
constructed  canal  system  would  at- 
tract settlers  of  sufficient  experience, 
adaptability,  and  with  the  capital  nec- 
essary to  complete  the  development 
and  discharge  the  project's  obligations. 

To  this  widespread  neglect  of  the 
settler  problem  may  be  traced  in  no 
small  degree  the  great  financial  losses 
to  investors  and  settlers  alike  that 
have  occurred  at  various  times  during 
the  development  of  the  West.  Fortu- 
nately, however,  the  agricultural  phase 
of  irrigation  is  becoming  more  widely 
recognized,  and  the  division  of  agri- 
cultural engineering  of  this  bureau  has 
taken  a  prominent  part  in  the  efforts 
being  made  to  correct  past  mistakes. 
It  can  continue  to  be  of  material 
assstance  in  solving  the  farmer's  irri- 
gation problems.  No  enterprise  can 
attain  success  unless  the  individual 
water  users  are  successful,  for  out  of 
the  income  from  their  farms  must 
come  the  revenue  necessary  to  pay  for 
the  operation  and  maintenance  of  the 
irrigation  works,  interest,  if  any,  on 
the  principal  indebtedness,  and  even- 
tual discharge  of  the  principal  itself. 

The  proper  utilization  of  the  Na- 
tion's water  resources  commands  wide 
attention  from  public  agencies  and 
others  having  to  do  with  irrigation. 
In  line  with  the  need  for  accurate  in- 
formation are  the  studies  made  by  this 
bureau  on  the  utilization  of  water  in 
irrigation,  water-holding  capacity  of 
soils,  capillary  movement  of  soil  mois- 
ture, and  loss  of  water  by  evapora- 
tion. Experiments  on  the  duty  of 
water  and  water  requirements  of  crops 
have  been  carried  on  in  cooperation 
with  the  State  experiment  stations  of 
Colorado,  Nevada,  New  Mexico,  and 
with  the  University  of  California. 
The  results  of  these  experiments,  to- 
gether with  similar  data  collected  in 
previous  years,  are  being  embodied  in 
:•  series  of  bulletins,  the  first  of  which, 
Irrigation  Requirements  of  the  Arable 
Lands  of  the  Gi'eat  Basin,  has  been 
submitted  for  pubUcation.  Farmers' 
Bulletin  No.  1348,  The  Corrugation 
Method  of  Irrigation,  has  been  pub- 
lished during  the  past  year. 

Investigations  of  the  water-holding 
capacity  of  soils,  begun  two  years  or 
more  ago,  designed  to  ascertain  the 
amount  of  water  soils  of  a  given  type 
would  retain  in  each  foot  of  depth  of 


the  root  zone  after  a  heavy  irrigation, 
were  continued  during  the  past  year 
on  typical  irrigated  and  irrigable  soils 
in  12  of  the  Western  States,  and  it  is 
planned  to  prepare  the  results  for  pub- 
lication during  the  ensuing  fiscal  year. 
Another  important  phase  of  this  gen- 
eral subject  is  the  capillary  movement 
of  soil  moisture,  the  beneficial  effects 
of  which,  however,  have  until  recently 
been  generally  overrated,  for  experi- 
ments conducted  by  this  bureau  have 
shown  that  relatively  small  amounts 
of  water  are  drawn  upward  by  capil- 
larity where  the  water  table  is  low. 
The  experiments  show,  however,  that 
large  quantities  can  be  drawn  from 
the  surface  of  a  water  table  within 
capillary  reach  of  the  ground  surface, 
a  fact  that  has  an  important  bearing 
upon  the  drainage  of  such  land.  While 
these  investigations  are  still  in  prog- 
i-ess,  a  report  entitled  "  The  Capillary 
Distribution  of  Moisture  in  Soil  Col- 
umns of  Small  Cross  Section "  has 
been  published  as  Department  Bul- 
letin No.  1221.  Finally,  the  loss  of 
water  by  evaporation  before  it  can  be 
utilized  by  plants  has  formed  the  sub- 
ject of  continued  experiments  at  the 
Fort  Collins  hydraulic  laboratory, 
where  more  than  500  hourly  observa- 
tions have  been  made  during  the  past 
fiscal  year  under  variable  conditions 
of  wind  movement,  temperature,  and 
atmospheric  changes.  The  increasing 
demand  for  water,  with  its  ever- 
mounting  cost,  makes  necessary  the 
most  economical  use,  to  which  end  the 
extensive  studies  of  this  bureau  on 
water  utilization  are  directed. 

IRRIGATION  AND  DRAINAGE   LAWS 

An  equally  important  group  of 
studies  in  the  field  of  irrigation  eco- 
nomics includes  irrigation  and  drain- 
age laws,  operation  of  irrigation  enter- 
prises, the  reorganization  and  consoli- 
dation of  existing  irrigation  enter- 
prises, the  management  of  irrigation 
enterprises,  sale  and  settlement  of 
land  in  irrigation  enterprises,  cost  of 
farming  under  irrigation,  and  cost  of 
water  to  irrigators.  Studies  of  ex- 
isting and  proposed  legislation  ^t 
the  present  time  deal  largely  with  ir- 
rigation and  drainage  district  laws, 
which  are  undergoing  changes  at  a 
greater  rate  than  are  laws  covering 
other  features  of  irrigation  and  drain- 
age. Engineers  of  the  bureau  have 
kept  in  close  touch  with  pending  legis- 
lation and  have  been  of  material  as- 
sistance to  legislative  committees. 
During  the  past  year  Department 
Bulletin  No.  1177,  Irrigation  District 
Operation  and  Finance,  was  published, 
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and  there  was  initiated  a  parallel 
study  of  cooperative  irrigation  com- 
panies, tlie  purpose  being  to  determines 
the  conditions  under  wliicli  various 
types  (if  cooperative  organizations 
Iiave  functioned  and  to  wliicFi  they 
are  adapted.  Cooperative  ownership 
and  operation  of  irrigation  works  is 
steadily  supplanting  control  from  out- 
side, which  makes  necessary  a  thor- 
uugli  understanding  of  the  functions 
and  limitations  of  the  several  groups 
of  self-governing  agencies  if  mistakes 
in  organization  are  to  be  avoided. 
The  assistance  given  by  the  bureau 
in  remodeling  irrigation  enterprises  to 
eliminate  waste  of  water  and  duplica- 
tion of  overhead  expense  has  been 
continued  and  will  doubtless  be  found 
of  further  value  as  these  necessary 
economies  are  effected. 

In  the  field  of  irrigation  manage- 
ment, which  has  developed  contem- 
poraneously with  the  settlement  and 
development  of  the  individual  irri- 
gated farm,  and  which  has  presented 
for  solution  some  very  perplexing 
problems,  the  salient  feature  of  water 
delivery  has  been  extensively  studied 
and  a  manuscript  of  a  bulletin  pre- 
liared  for  publication.  In  coopera- 
tion with  the  Bureau  of  Agricultural 
Economics  a  number  of  typical  enter- 
prises have  been  thoroughly  canvassed 
in  New  Mexico,  Texas,  and  Colorado 
with  a  view  to  determining  the  cost 
of  farming  irrigated  land.  It  is  ex- 
pected that  an  analysis  of  the  data 
secured,  which  will  be  made  during 
the  ensuing  fiscal  year,  will  produce 
important  conclusions  as  to  the  re- 
lation of  irrigation  costs  to  other 
farming  costs  and  the  permissible 
cost  of  developing  an  irrigated  farm, 
regarding  which  there  has  existed  a 
singular  lack  of  reliable  and  definite 
information.  Another  phase  of  this 
problem,  viz,  the  cost  of  water  to 
irrigators,  has  been  studied  in  Cali- 
fornia under  199  organizations  and 
under  a  large  number  of  individual 
pumping  plants,  the  field  work,  includ- 
ing tests  of  the  plants,  being  nearly 
completed  and  the  manuscript  of  a 
bulletin  also  uearing  completion. 

WATER    ifLOW   AND    LOSSES 

Irrigation  and  drainage  structures, 
concrete  pipe,  and  the  flow  of  water 
in  various  irrigation  channels  have 
been  topics  of  experimental  and  field 
research  for  several  years,  including 
the  past  fiscal  year,  and  are  produc- 
ing results  which  will  mean  a  great 
saving  to  those  who  pay  for  the  con- 


struction of  an  irrigation  system ;  in 
other  Avords,  a  saving  to  the  individual 
water-users.  Although  many  vertical 
drops  have  been  constructed  in  irri- 
gation canals,  progress  has  been  slow 
in  developing  a  type  of  drop  that  will 
eliminate,  without  great  expense,  the 
destruction  to  the  channels  below 
caused  by  increased  velocity  of  the 
water  due  to  the  drop.  The  work  of 
this  bureau  has  been  directed  toward 
the  design  of  a  drop  that  will  ac- 
complish this  purpose.  Investiga- 
tions of  drainage  structures  have  cul- 
minated in  the  preparation  of  a  manu- 
script of  a  bulletin  in  which  are  set 
forth  the  best  principles  Of  design 
with  the  idea  of  increasing  the  ef- 
ficiency of  drainage  systems  and  re- 
ducing the  cost. 

Although  field  studies  of  concrete 
pipe  have  not  been  made  during  the 
past  fiscal  year,  a  manuscript  is  being 
prepared  for  publication  in  which  will 
be  embodied  the  results  of  previous 
tests  of  the  qualities  of  such  pipe  and 
its  adaptability  to  irrigation  develop- 
ment. Field  tests  have  been  conducted 
during  the  past  year  dealing  with 
the  capacity  of  flume  structures  of 
wood,  steel,  and  concrete  and  of  metal 
pipe  lines,  designed  to  effect  great 
financial  saving  in  the  building  of 
such  structures.  These  studies  con- 
tinue the  previous  work  of  the  divi- 
sion of  agricultural  engineering  on 
flow  of  water  in  various  channels 
which    has    attracted   wide   attention. 

A  bulletin  on  flow  in  metal  pipes 
is  in  course  of  preparation,  and  with 
further  experimental  laboratory  work 
it  is  expected  to  prepare  a  bulletin  on 
the  capacity  of  flumes,  including  the 
losses  of  energy  at  the  inlets  and  out- 
lets under  varying  conditions. 

Seepage  losses  in  channels  and  per- 
colation through  earth  dams  have 
formed  the  subjects  of  several  coop- 
erative studies.  The  increasing  need 
of  economy  in  the  utilization  of  water 
resources  emphasized  above  is  mak- 
ing imperative  a  reduction  in  the  mar- 
gin between  gross  and  net  duty  of 
water,  a  reduction  intimatel.y  con- 
nected with  the  prevention  of  trans- 
mission losses.  Seepage  measure- 
ments on  typical  canals  in  California 
have  been  continued  in  cooperation 
with  the  State  department  of  public 
works,  and  similar  investigations  in 
the  Lower  Rio  Grande  Valley  have 
been  made  in  cooperation  with  the 
Board  of  Water  Engineers  of  Texas. 
The  report  upon  the  California  work, 
which  is  nearing  completion  and  which 
will  be  submitted  for  publication  as  a 
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bulletin,  will  present  conclusions  as 
to  the  causes  and  extent  of  seepage 
losses  and  the  most  feasible  remedies. 
Preparation  of  the  report  upon  the 
Texas  work  is  in  progress.  In  ad- 
dition to  data  on  amount,  location, 
and  means  of  prevention  of  absorp- 
tion losses  in  canals,  it  is  hoped  that 
proper  loss  factors  for  entire  systems 
may  be  developed  for  use  in  determin- 
ing allowances  for  losses  in  granting 
water  permits.  The  field  observations 
as  to  percolation  through  earth  dams, 
continued  during  the  past  fiscal  year 
in  cooperation  with  the  Bureau  of 
Reclamation,  have  been  recorded  at 
four  dam  structures  on  Federal  recla- 
mation projects. 

Siit  and  gravel  transported  by 
streams  cause  serious  troubles  in 
canal  management  in  some  sections 
of  the  West.  The  silt  problem  on  the 
Colorado  River  particularly  has  at- 
tracted a  gi'eat  deal  of  attention  be- 
cause of  the  volume  of  silt  carried 
by  that  stream  and  the  effect  upon 
canal  diversion  and  maintenance. 
This  problem  alone  is  of  sufficient 
economic  importance  to  justify  several 
years  of  investigation  by  this  bureau. 
In  fact,  it  is  not  overstating  the  case 
to  say  that  the  great  irrigation  sys- 
tems of  the  lower  Colorado  can  reach 
final  success  only  by  a  proper  handling 
of  the  silt  question.  Plans  are  now 
under  way  to  complete  the  compila- 
tion of  the  results  of  these  studies 
in  order  to  make  them  available  for 
publication.  During  the  past  year,  in 
cooperation  with  the  Texas  Board  of 
Water  Engineers,  similar  studies  have 
been  started  on  certain  streams  and 
reservoirs  in  southwestern  Texas,  and 
the  work  is  well  under  way,  its  chief 
value  being  to  determine  the  Hfe  and 
consequent  feasibility  of  reservoirs  for 
irrigation  and  flood  control.  On  cer- 
tain other  streams  high  canal  main- 
tenance costs  are  caused  by  inunda- 
tions of  gravel  carried  by  the  streams 
during  flood  periods  and  lodged 
against  structures  and  along  the  upper 
reaches  of  the  canal  systems.  Under 
the  supervision  of  tliis  bureau  dams 
have  been  built  on  several  Utah 
streams  above  canal  intakes  to  catch 
this  gravel,  and  periodical  surveys 
are  in  progress  to  determine  the 
amount  of  the  material  so  withheld. 
This  work  to  date  has  been  very 
gratifying  in  increasing  the  effective 
use  of  these  streams,  and  it  is  felt  that 
the  experiments  will  i-esult  in  ])ro- 
vision  of  means  of  utilizing  the  flow 
of  mountain  streams  now  partially  or 
wholly  wastetl. 


THE   DRAINAGE    OF    IRRIGATED    LANDS 

In  many  irrigation  communities  the 
pr(jblem  of  draining  the  irrigated  land 
sooner  or  later  demands  attention. 
This  problem  bids  fair  to  become  in- 
creasingly serious  with  the  increase 
in  area  of  irrigated  land  throughout 
the  West,  particularly  in  view  of  the 
fact  that  much  additional  irrigated 
land  will  be  located  at  higher  levels 
than  present  areas  and  will  undoubt- 
edly contribute  to  the  drainage 
troubles  of  the  lower-lying  lands. 
The  bureau  has  been  active  in  giving 
practical  advice  and  assistance  in- or- 
ganization, financing,  and  construction 
to  communities  needing  drainage  in 
a  number  of  States.  The  results  of 
an  investigation  on  drainage  condi- 
tions in  Hawaii  made  during  the  pre- 
vious fiscal  year,  have  been  embodied 
in  a  report.  Department  Bulletin  No. 
1207,  Drainage  District  Assessments, 
has  been  published  during  the  past 
year. 

Dra'nage  run-off  from  irrigated  land 
has  been  systematically  measured  in 
Washington,  Oregon,  Idaho,  Utah,  and 
New  Mexico,  the  bureau  cooperating 
in  such  work  with  the  officers  of 
Yakima  County,  Wash. ;  the  experi- 
ment substation  at  Prosser,  Wash. ; 
the  New  Mexico  Agricultural  Experi- 
ment Station ;  and  various  drain- 
age districts  in  Utah.  These  field 
studies  embrace  measurements  of  the 
discharge  from  open  and  closed  drains, 
depth  to  ground  water  in  observation 
wells,  jiercentage  of  alkali  in  soil  and 
water,  crop  censuses,  and  the  relation 
between  tlie  quantity  of  water  applied 
in  irrigation  and  the  resulting  quan- 
tity of  drainage  water.  In  the  Mesilla 
Valley  of  New  Mexico,  in  which  con- 
struction of  open  drains  has  been 
practically  completed,  the  observations 
of  b.ehavior  of  the  water  table  will  be 
valuable  in  determining  the  practical 
results  of  sucli  open  drainage  systems 
after  the  valley  is  supposed  to  have 
been  completely  drained.  Further  in- 
vestigations have  been  made  of  tlie 
depth  and  spacing  of  drains,  the  swell- 
ing of  (lay,  maintenance  and  operation 
of  drainage  systems,  durability  of  ce- 
ment tile  in  alkaline  soil,  and  the  re- 
moval of  salts  by  drainage. 

The  bureau  has  continued  its  studies 
of  pumping  both  for  drainage  and  for 
irrigation.  The  investigation  con- 
ducted in  Arizona  during  several  pre- 
vious years  to  determine  the  value  of 
pump'ng  from  wells  as  a  means  of 
draining  water-logged  lands  has  been 
supplemented    during    the    past    fiscal 
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year  with  additional  tleld  work,  and  a 
report  of  the  entire  investigation  is 
in  course  of  preparation  for  publica- 
tion. That  such  a  publication  will  be  of 
value  is  indicated  by  the  interest  taken 
in  other  communities  in  this  means  oi. 
possible  relief  from  drainage  difticul- 
ties  which  at  the  same  time  might  in- 
crease tiie  water  supply  for  other 
lands.  Provision  for  sucli  pumping 
may  readily  be  an  important  feature 
of  the  construction  plans  of  many 
future  irrigation  enterprises,  particu- 
larly where  liydroelectrical  develop- 
ment is  practicable  in  conjunction  with 
storage  for  irrigation. 

In  the  field  of  irrigation  pumping 
the  bureau  has  recently  issued  Farm- 
ers' Bulletin  No.  1404,  Pumping  from 
Wells  for  Irrigation.  In  connection 
with  the  work  on  cost  of  water  to  irri- 
gators in  California,  which  includes 
the  cost  under  individual  pumping 
I)lants,  the  pumping  plants  have  been 
tested  for  efliciency.  There  is  also 
under  way  a  project  for  studying  the 
[lumping  of  water  from  rivers,  canals, 
and  otlier  open-water  surfaces.  This 
project  has  been  started  on  the  Snake 
Kiver  in  Idaho  and  Oregon  on  ac- 
count of  the  experience  already  de- 
veloped there :  later  it  will  be  ex- 
tended to  parts  of  Utah,  California, 
and  Texas.  Of  particular  interest 
and  enlightenment  should  be  the  re- 
f suits  of  the  investigation  along  the 
Snake  River,  which  flows  in  a  rela- 
tively deep  canyon  from  which  water 
for  irrigation  must  be  raised  through 
high  vertical  lifts,  necessitating  heavy 
'  operation  costs  to  reach  the  extensive 
areas  of  fertile  yet  barren  lands 
above  it.  In  cooperation  with  the 
Nevada  Agricultural  Experiment  Sta- 
tion, determinations  of  the  capncitios 
of  nonflowing  artesian  wells  in  south- 
ern Nevada  have  been  continued. 
While  the  tests  show  a  material  in- 
crease in  capacity  resulting  from 
pumping,  they  are  not  conclusive,  but 
it  is  hoped  that  with  the  use  of  a 
deep-well  turbine  pump  the  limit  of 
these  capacities  may  be  determined. 

A  thorough  test  of  a  large  so-called 
"  water  mound,"  of  which  there  are 
many  in  Las  Vegas  Valley,  made  to 
prove  or  disprove  the  value  of  such 
mounds  as  a  source  of  water  supply 
by  means  of  pumping,  showed  that 
the  pump  discharge,  while  holding  the 
spring  at  a  constant  level  as  low  as 
it  was  possible  to  hold  it  without 
exhausting  the  spring  supply,  was  no 
more  than  the  normal  flow  of  the 
spring.  Measurements  of  the  flowing 
wells  in   the  Las  Vegas  artesian  ba- 


sin, undertaken  with  a  view  to  deter- 
mining the  permanency  of  the  under- 
ground water  supply,  were  continued. 
While  definite  conclusions  may  not 
yet  be  drawn,  it  appears  that  in  cer- 
tain sections  the  supply  from  the  up- 
per artesian  strata  has  about  reached 
the   limit  of  economic   development.  ' 

WATER-MEASURING  DEVICES 

'The  hydraulic  laboratory  at  Fort 
Collins,  Colo.,  in  conjunction  with  the 
more  recently  constructed  field  labo- 
ratory at  Bellvue,  on  the  Cache  La 
Poudre,  near  Fort  Collins,  has  con- 
tinued to  be  the  means  of  developing 
much  exact  information  on  measure- 
ment of  water  and  its  practical  appli- 
cation to  irrigation  needs.  The  most 
important  work  during  the  past  year 
has  been  in  developing  the  improved 
Venturi  tlume,  which  has  been  fur- 
ther tried  out  under  actual  field  con- 
ditions in  the  Arkansas  Valley  and  is 
proving  to  be  especially  suited  for 
streams  bearing  excessive  amounts  of 
sand  and  silt.  Flumes  ranging  in  size 
from  1  foot  to  10  feet,  the  largest 
with  a  capacity  of  approximately  600 
second-feet,  are  in  successful  opera- 
tion. Deposits  are  found  on  the  floor 
of  the  small-sized  structures  where 
very  small  heads  are  used,  but  tests 
show  the  error  to  be  only  1  to  2  per 
cent  from  the  calculated  flow ;  the 
large-sized  flumes  have  shown  no 
deposit. 

A  number  of  other  measuring  de- 
vices and  water-recording  instruments 
liave  been  tested  at  the  laboratory. 
Further  work  in  the  design  and  in- 
vention of  apparatus  has  resulted  in 
improvements  on  the  new  type  of  cur- 
rent meter  originated  by  an  engineer 
Oi  this  bureau,  as  well  as  in  the  de- 
signing of  special  apparatus  for  meas^ 
uriiig  the  carrying  capacity  of  pipes, 
evaporation  from  ground  and  water 
surfaces,  and  the  moisture  tr'anspira- 
tion  of  plants. 

At  the  request  of  the  Secretary  of 
the  Interior,  special  investi^-ations 
were  completed  during  the  past  year 
on  two  projects  proposed  for  con- 
struction by  the  Bureau  of  Reclama- 
tion— the  tricounty  irrigation  project 
of  central  Nebraska  and  the  Baker 
project  of  Oregon.  Tht'  study  of  the 
tricounty  project  was  initiated  during 
the  preceding  fiscal  year,  but  was 
largely  carried  on  and  was  completed 
during  the  year  just  ended.  A  dis- 
tinctive feature  of  this  project  is  that 
it  lies  on  the  border  line  between  the 
humid   and   semiarid   portions  of  the 
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United  States  and  embraces  an  area 
of  land  already  largely  cultivated  but 
on  which  the  decreasing  yields  under 
dry-farming  conditions  have  been  ap- 
proaching a  critical  stage.  The  re- 
port deals  with  certain  agricultural 
engineering  phases,  chiefly  the  average 
monthly  deficiency  of  rainfall  during 
the  growing  season,  the  water-holding 
capacity  and  probable  productivity  of 
the  soils,  methods  of  crop  rotation 
possible  with  irrigation,  approximate 
amount  of  water  needed  to  supple- 
ment the  rainfall  in  order  to  insure 
protitable  crop  production,  approxi- 
mate increase  in  crop  production  made 
possible  by  subsoil  storage,  economic 
advantages  of  using  only  direct-tlow 
waters  or  of  providing  storage  facil- 
ities, and  the  essential  features  of  re- 
munerative irrigation  fanning. 

The  proposed  Baker  projc>ct  was 
studied  in  conjunction  with  the  Bu- 
reau of  Soils  and  the  Bureau  of  Agri- 
cultural Economics  and  was  the  sub- 
.iect  of  a  combined  report  of  the  three 
bureaus.  This  report  went  carefully 
into  the  phases  of  agricultural  engi- 
neei'ing  and  irrigation  economics,  a 
thorough  knowledge  of  whicli  is  now 
coming  to  be  recognized  as  being  vital 
in  planning  a  successful  irrigation 
enterprise.  It  dealt  in  detail  with  the 
features  of  soil  quality  and  adapt- 
ability for  irrigation,  including  the 
presence  of  alkali,  topographic  features 
and  their  effect  upon  costs  of  canal 
construction  and  preparation  of  the 
land  for  irrigation ;  methods  of  prepa- 
ration of  the  land ;  necessity  f  o  r 
drainage  measures ;  equipment  re- 
quired by  the  settler  for  recojumended 
types  of  farming;  amount  of  capital 
needed  by  the  settler;  and  probable 
farming  profits. 

As  in  previous  years,  the  bureau 
has  been  frequently  called  upon  for 
advice  and  assistance  in  irrigation 
matters;  in  fact,  it  is  estimated  that 
during  the  past  year  fully  20  per  cent 
of  the  aggregate  time  of  our  engi- 
neers has  been  occupied  with  suc!i 
work.  While  the  published  bulletins 
of  the  department  and  of  cooperating 
agencies  are  the  means  of  widely  dis- 
seminating the  results  of  special 
studies,  such  publications  necessarily 
embody  only  the  salient  features  of  a 
subject  and  may  often  be  advanta- 
geously supplemented  in  particular 
cases  by  the  personal  aid  rendered  by 
irrigation  specialists.  It  is  felt,  there- 
fore, that  the  time  devoted  to  such 
work,  so  long  as  it  does  not  inter- 
fere materially  with  research,  is  time 
well  spent  in  aid  of  a  better  agri- 
cultural development. 


DRAINAGE  INVESTIGATIONS 

During  the  past  four  years,  drainage 
undertakings  by  the  owners  of  the 
lands  to  be  drained  have  included  com- 
paratively few  new  reclamation  proj- 
ects. New  enterprises  have  been  es- 
tablished for  increasing  the  produc- 
tiveness of  lands  already  largely  under 
cultivation,  but  much  of  the  drainage 
undertaken  since  1920  has  been  by 
districts  that  had  previously  com- 
pleted their  original  reclamation  plans. 
Owing  partly  to  lack  of  adequate  data 
upon  which  to  base  the  design  of  rec- 
lamation works,  and  partly  to  the 
limits  of  cost  set  by  the  landowners, 
considerable  portions  of  many  of  the 
districts  were  not  provided  with  ade- 
quate drainage  outlets.  Such  districts 
now  are  enlarging  and  extending  old 
ditches  and  constructing  supplemen- 
tary new  ditches,  sometimes  even  re- 
arranging the  main  lines  of  drainage. 
Other  districts  are  installing  new 
pumping  plants  to  secure  greater 
capacity  or  to  effect  savings  in  the 
cost  of  operation. 

The  work  of  the  division  of  agricul- 
tural engineering,  during  the  fiscal 
year  1924,  has  been  limited  to  research 
investigations  even  more  than  in  pre- 
ceding years,  in  accordance  with  the 
policy  of  having  the  State  agricultural 
colleges  do  as  large  a  part  as  practi- 
cable of  the  extension  work.  ThlS| 
permits  more  satisfactory  progress  to 
be  made  in  the  investigational  activi- 
ties, and  the  collection  of  a  larger 
amount  of  infonnation  for  use  by  the 
extension  workers  and  others.  The 
fullest  cooperation  possible  is  given  to 
the  colleges  in  applying  the  results  ob- 
tained to  the  conditions  in  their  re- 
spective States,  and  in  the  studj^  of 
their  general  drainage  problems. 

The  major  subjects  of  investigation 
by  the  division  of  agricultural  engi- 
neering are  most  profitably  continued 
through  periods  of  years,  accumulat- 
ing data  that,  even  though  final  con- 
clusions can  not  be  attained  for  many 
years,  are  of  increasing  value  as  a 
basis  for  tlie  design  of  new  drainage 
works  or  the  reconstruction  of  older 
undertakings.  The  almost  innumer- 
able combinations  of  soil,  topography, 
v.n<\  ground  covering  are  multiplied  by 
the  variations  in  amount  and  distribu- 
tion of  rainfall.  Determination  of  the 
magnitude  and  frequency  of  the  ex- 
treme conditions  for  any  particular 
area  is,  of  course,  a  very  important 
step  in  designing  the  drainage  works. 
An  approach  to  the  maximum  occurs 
very  infrequently,  and  it  is  always  pos- 
sible that  any  past  record  may  be  ex- 
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ceeded  in  the  future.  However,  meas- 
urement and  study  of  even  moderately 
severe  conditions  are  very  helpful, 
when  more  exceptional  data  are  lack- 
ing, for  estimating  tlie  worst  condi- 
tions for  which  the  works  should  be 
designed. 

RUN-OFF  INVESTIGATIONS 

The  run-off  investigations  have  been 
continued  along  the  same  general  lines 
as  in  previous  years,  the  continuity  of 
the  records  at  certain  stations  being 
not  the  least  important  part  of  the  re- 
sults secured.  Further  measurements 
have  been  made  of  run-off  rates  from 
five  areas  in  the  Little  River  drainage 
district  in  southeastern  Missouri, 
ranging  in  size  from  150  to  75,000 
acre.s.  None  of  the  precipitations  of 
high  intensity,  as  shown  by  the  rain 
gauges  established  at  10  points,  cov- 
ered the  district  generally,  so  only 
small  rates  of  flow  were  secured  from 
the  largest  basin  and  from  the  flat- 
land  area.  However,  high  discharges 
measured  from  the  smallest  area  of 
rough  topogi'aphy  confirm  the  conclu- 
sions of  the  preceding  year  that  drains 
for  such  areas,  including  highway  cul- 
verts and  sometimes  storm  sewers, 
should  have  greater  capacities  than 
generally  have  been  considered  neces- 
sary. The  measurements  from  the 
hilly  areas  of  6,000  to  22.000  acres  sup- 
plement those  previously  secured  and 
add  materially  to  the  available  data 
for  designing  adequate  and  economical 
drainageways  where  the  run-off  from 
rolling  land  is  to  be  carried  across 
level  drained  land.  Along  Illinois, 
Mississippi,  and  Missouri  Rivers  are 
many  drainage  districts  for  Avhich 
these  run-off  data  are  desired  by  per- 
sons in  charge  of  rectifying  mistakes 
that  were  made  in  the  design  of  such 
floodways. 

Measurements  of  run-off  and  deter- 
minations of  resistance  coefficients  in 
the  formulas  for  computing  channel 
capacities  have  been  begun  during  the 
year  in  Bolivar  County,  Miss.,  and  in 
Champaign  County,  111.  As  in  the 
Little  River  di-ainage  district  in  Mis- 
souri, rain  gauges  over  the  drainage 
basins  and  automatic  water-stage  reg- 
isters in  the  drainage  outlet  channels 
furnish  the  data  for  comparing  amount 
and  distribution  of  run-off  wi.th  amount 
and  distribution  of  precipitation.  Cur- 
rent meter  measurements  of  the  flow 
at  the  various  stages  and  simultaneous 
determinations  of  the  water  slope  serve 
to  interpret  the  water-stage  records  in 
terms  of  discharge  and  to  determine 
the  hydraulic  coefficients.     The  run-off 


is  being  measured  from  eight  drainage 
areas  in  each  of  the  counties.  Those 
in  Bolivar  County  are  of  flat  topog- 
raphy, typical  of  much  undrained  or 
partly  drained  land  along  Mississippi 
River  in  Mississippi  and  Arkansas. 
The  areas  in  Champaign  County  are  of 
slightly  rolling  topography,  practically 
cleai'ed  of  timber,  and  some  are  com- 
pletely underdrained  w'ith  tile.  Of 
the  16  channel  sections  that  are  being 
studied  for  capacity  and  resistance  to 
flow.  12  are  dredged  ditches  and  4  are 
natural  river  channels.  On  some  of 
the  ditches  in  Champaign  County  the 
resistance  coefficients  will  be  deter- 
mined while  the  waterways  are  consid- 
erably choked  with  vegetal  growth  and 
again  after  being  cleared  of  that 
growth,  which  will  afford  a  compari- 
son bearing  upon  the  value  of  keeping 
di-ainage  ditches  in  good  condition. 
The  investigations  in  these  two  coun- 
ties have  not  been  in  progress  long 
enough  to  secure  definite  results,  but 
the  data  to  be  secured  will  be  a  valu- 
able addition  to  those  now  available. 

Preparations  were  made  for  gaug- 
ings  of  flood  discharge  in  the  St. 
Francis  floodway  in  northeast  Arkan- 
sas. That  waterway,  made  by  build- 
ing two  lines  of  levees  about  1,200  feet 
apart  between  which  the  flood  water 
will  flow  <iver  the  natural  ground  sur- 
face, offers  an  excellent  opportunity 
for  determining  coefficients  of  resist- 
ance to  flow  through  woodland  from 
which  only  the  merchantable  timber 
has  been  removed.  Such  floodways  of 
large  capacity  are  practicable  in  many 
drainage  districts  in  the  lower  Mis- 
sissippi Valley,  but  the  existing  data 
for  computing  the  capacities,  and  con- 
sequently the  proper  sizes,  are  ex- 
tremely meager.  The  determinations 
will  be  of  much  value  also  in  planning 
the  location  and  height  of  levees  along 
the  larger  rivers,  where,  as  in  many 
locations,  it  is  impracticable  to  con- 
fine the  floods  to  tlie  low-water  chan- 
nel. During  the  year  past  there  was 
no  depth  of  flood  suflJicient  for  making 
practical  measurements  in  this  flood- 
way,  but  measurements  will  be  made 
in  the  coming  year  if  normal  floods 
occur. 

Run-off  records  for  the  drainage 
basin  of  Luxapallila  River  in  Fayette 
and  Lamar  Counties,  Ala.,  have  been 
secured  in  continuation  of  those  ob- 
tained during  1923. 

Data  were  collected  as  to  the  cost 
of  operating  drainage  pumping  plants 
along  the  Illinois  River  and  the  Mis- 
sissippi River  between  Muscatine, 
Iowa,  and  the  mouth  of  the  Illinois. 
A  number  of  the  districts  have  within 
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recent  years  replaced  their  -steam- 
power  plants  with  electric  motors,  and 
others  are  contemplating  a  similar 
change  or  the  installation  of  internal- 
combustion  engines  of  the  Diesel  or 
semi-Diesel  types.  There  has  been  a 
great  increase  since  1917  in  nearly 
every  item  entering  into  the  cost  of 
pumping,  particularly  fuel  and  laboi*. 
The  increase  in  cost  of  electric  power 
has  been  very  much  less,  no  doubt  be- 
cause of  public  regulation  of  rates. 
While  only  partial  data  were  obtain- 
able concerning  most  districts,  analy- 
sis of  the  information  secured  should 
indicate  in  some  measure  the  com- 
parative economy  of  the  different 
kinds  of  power.  There  has  been  little 
experience  so  far  with  the  Diesel 
types  for  drainage  pumping,  but  the 
low  cost  of  fuel  per  horsepower  output 
seems  to  promise  economical  operation 
in  this  field. 

DISCHARGING   CAPACITY  OF  CULVERTS 

The  experimental  studies  of  1923  on 
capacities  and  forms  of  culverts,  at 
Iowa  City,  Iowa,  in  cooperation  with 
the  State  University  of  Iowa,  were 
continued  through  the  fiscal  year  1924. 
The  experiments  this  year  were  made 
on  concrete  box  culverts  flowing  full : 
that  is.  with  the  ends  of  the  culvert 
opening  submerged.  This  will  be  the 
critical  condition  ordinarily,  wliere 
the  top  of  the  outlet  opening  is  not 
above  the  high  water  in  the  channel 
leading  from  the  structure.  Nearly 
1,100  tests  were  made  on  culverts  of 
24.  30.  and  36  feet  length,  with  open- 
ings 2  feet  square  and  3  feet  square 
and  some  with  width  increasing 
through  part  or  all  of  the  Icn^h. 

It  was  found  that  merely  rounding 
the  edges  of  the  entrance  opening  in- 
creased the  discharge  of  the  culverts 
from  7  to  10  per  cent  over  the  discharge 
with  square  edges.  Culverts  having 
the  rounded  edges  and  widened 
through  the  downsti-eam  third  of  their 
length  to  twice  the  width  at  entrance 
had  capacities  56  to  59  per  cent  greater 
than  those  of  equal  entrance  open- 
ing having  square  edges  and  a  uni- 
form size  throughout.  The  discharge 
through  a  culvert  2  feet  square  at  en- 
trance with  rounded  edges,  .gradually 
increased  to  4  feet  wide  by  2  feet  high 
at  outlet,  was  86  per  cent  greater 
than  that  of  the  straight  culvert  2  feet 
square  with  sharp  edges.  This  is 
equal  to  or  slightly  greater  than  the 
computed  capacity  of  a  culvert  2  feet 
by  3  feet  with  rounded  edges. 

Comparison  of  the  capacities  found 
for  the  box  culverts  30  feet  long  with 


those  for  the  pipe  culverts  of  the 
same  length  under  experiment  during 
tlie  preceding  year  shows  that  the  24- 
iiich  square  culvert,  which  has  about 
27  per  cent  greater  area  of  opening, 
vvith  rounded  entrance,  will  discharge 
altout  20  per  cent  more  water  than  a 
24-inch  vitrified  clay  pipe  laid  with 
bell  end  upstream,  when  flowing  full; 
ai)()Ut  30  per  cent  more  than  a  24-inch 
concrete  pipe,  with  the  beveled  inner 
edge  upstream ;  and  about  70  per  cent 
more  than  a  24-incli  corrugated  metal 
pipe  culvert.  The  computed  average 
velocities  were  practically  equal  for 
the  concrete  pipe  and  concrete  box 
culverts.  The  27-inch  vitrified  clay 
pipe  culvert  had  practically  the  same 
ci-oss-sectional  area  and  same  capacity 
as  the  24-ineh  box  culvert  witli 
rounded  edges  at  entrance,  for  the 
30-foot  length,  while  the  42-inch  clay 
pilie  had  about  7  per  cent  greater  area 
and  an  equally  greater  capacity  than 
the  3u-inch  cojacrete  box  culvert  with 
rounded  entrance. 

EFFECT  OF  ALKALI  ON  CONCRETE  TILE 

The  experimental  studies  of  con- 
crete drain  tile  in  Minnesota,  being 
conducted  in  cooperation  with  the  Uni- 
versity of  Minnesota  and  the  State  De- 
partment of  Drainage  and  Waters, 
have  been  broadened  and  extended. 
The  manufacture  of  test  cylinders  in 
the  laboratory  at  St.  Paul  has  been 
continued,  with  the  tests  of  these  and 
of  older  specimens  after  storage  in  al- 
kaline solutions  of  various  strengths. 
In  all.  seme  10.000  cylinders  have  been 
made  for  studying  the  progressive  de- 
teri(>rati(m  of  the  concrete,  especially 
in  solutions  of  magnesium  and  sodium 
sulphates,  which  are  the  particularly 
harmful  salts  that  are  found  in  some 
of  the  Minnesota  soils.  A  loss  of 
50  per  cent  in  compressive  strength 
was  found  for  the  cylinders  of  1 : 3 
mix  stoi'ed  in  magnesium  sulphate 
solution  of  1  to  4  per  cent  for  17 
weeks  or  more,  as  compared  with  like 
cylinders  stored  in  distilled  water. 

Tests  have  been  begun  on  cylinders 
cured  in  a  steam  chamber,  in  water 
vapor  at  or  near  a  temperature  of 
212°  F.  The  tests  so  far,  including 
year-old  specimens  of  6  series,  indicate 
that  this  method  of  curing  greatly 
increases  the  resistance  to  attack.  Only 
the  slightest  signs  of  deterioration 
have  been  evident  in  specimens  stored 
in  the  alkaline  solutions  for  90  weeks. 
Long-time  tests  will  be  needed  to  de- 
termine the  actual  value  of  this  steam 
curing,  which  is  very  different  from 
the    ordinary    steam    curing    in    com- 
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uieroial  tile  plants,  where  a  tempera- 
ture of  more  tluin  100°  F.  in  the  curing 
r(»oms  is  not  often  obtained. 

Five  sets  of  experimental  drain  tile. 
1,500  pieces  in  all,  have  been  installed 
during  the  year  for  observation  and 
test  under  field  conditions.  These  in- 
stallations were  made  in  (i  neutral 
mineral  soil  on  the  university  farm  at 
St.  Paul :  in  a  sulphate  soil  in  Lyon 
County,  Minn. ;  in  a  raw  peat  soil  in 
Anoka  County,  Minn. ;  in  an  alkali 
soil  containing  sulphates  and  chlorides 
in  Cass  County,  N.  Dak. ;  and  in  Medi- 
cine Lake  in  Pennington  County,  S. 
Dak.,  where  the  water  contains  about 
4  per  cent  of  sulphates,  very  largely  of 
magnesium  and  sodium.  Some  2,000 
of  the  test  cylinders,  also,  were  placed 
in  the  same  lake. 

A  reconnaissance  has  been  made  of 
the  lands  subject  to  overflow  by  Mis- 
sissippi River  between  St.  I'aul,  Minn., 
and  Hock  Island,  111.,  to  investigate 
the  practicability  of  reclaiming  these 
lands  for  agriculture.  Of  some  340,000 
acres  subject  to  inundation  at  maxi- 
mum flood  stage,  outside  of  low-water 
channels,  it  appears  that  the  protec- 
tion and  drainage  of  pi'obably  12  dis- 
tricts, reclaiming  approximately  85,000 
acres,  could  be  accomplished  at  aver- 
age costs  of  from  $50  to  $75  per  acre 
for  the  various  districts.  Considerable 
farm  drainage  and  clearing  of  wood- 
land not  included  in  these  cost  figures 
would  be  required  before  all  the  land 
would  be  ready  for  cultivation.  Build- 
ings and  other  private  and  community 
improvements  would  add  further  to  the 
cost  of  the  developed  farms.  Pumping 
of  tlie  drainage  water  would  be  neces- 
sary during  the  greater  part  of  each 
year.  Determination  of  the  fertility 
of  the  soil  was  not  attempted,  and  it  is 
quite  pos.sible  that  in  one  or  more  of 
the  districts  suggested  the  land  when 
reclaimed  would  not  be  worth  the  cost. 

STUDIES  OF  FARM-LAND  EROSION 

An  experimental  study  of  erosion  of 
farm  land  has  been  begun  in  North 
Carolina,  in  cooperation  with  the  agri- 
cultural experiment  station.  The  first 
experiments  will  go  into  the  rate  of 
erosion  and  its  relation  to  the  amount 
and  intensity  cif  rainfall,  the  ground 
slope,  the  soil  type,  and  the  kind  of 
crop  on  the  land.  Thus  far,  six  plots 
of  various  lengths  up  to  200  feet,  hav- 
ing a  fairly  uniform  slope  of  approxi- 
mately 9  feet  in  100,  have  been  in- 
closed by  tight  fences,  so  that  the 
eroded  material  is  cauglit  and  weighed. 
In  two  months  the  erosion  from  a 
Cecil  sandy-loam  soil  cultivated  in  cot- 


ton has  been  25  tons  per  acre,  or  about 
0.2  inch  depth.  So  short  a  period  does 
not  give  dependable  results,  and  the 
experiment  will  be  continued.  It  will 
be  extended  to  include  field  and  lab- 
oratory .studies  of  terracing  for  the 
prevention  of  erosion.  Terracing  has 
been  practiced  for  many  years  in  the 
South  Atlantic  States,  but  the  value  of 
this  method  of  treating  hillside  fields 
is  not  limited  to  that  region.  The  use 
of  terraces  is  being  urged  by  agricul- 
tural colleges  for  lands  in  the  Ohio 
and  Missouri  Valleys,  and  will  be  bene- 
ficial elsewhere.  This  subject  has  re- 
ceived some  little  attention  in  previous 
years,  but  knowledge  of  the  proper  de- 
sign of  terrace  systems  under  various 
conditions  of  climate,  soil,  topogi'aphy, 
and  culture  is  far  from  complete. 

The  studies  in  North  Carolina  of  the 
effect  of  varying  the  depth  of  tile 
drains  upon  the  depth  of  ground  water 
in  a  Norfolk  fine  sandy-loam  soil,  and 
of  the  effectiveness  of  open  field 
ditches  in  the  drainage  of  muck  soil, 
have  been  continued  but  not  to  quan- 
titative conclusions.  The  year's  ob- 
servations emphasize,  however,  that 
the  deeper  drains  maintain  a  lower 
general  elevation  of  the  plane  of  sat- 
uration, and  that  it  is  difficult  to 
maintain  open  ditches  at  the  desired 
depth  in  the  muck. 

DRAINAGE  AND  IRRIGATION  OF  SUGAR- 
CANE AND  CITRUS  FRUIT  IN  THE 
GULF  STATES 

The  varying  rainfall  in  the  Gulf- 
coast  region  provides  in  some  years 
an  excess  of  moisture  for  the  best 
growth  of  sugarcane  and  in  other 
years  an  insufficiency.  The  study  of 
irrigation  for  cane,  undertaken  in  the 
preceding  year  in  cooperation  with  a 
sugar  planter  in  southern  Louisiana, 
has  been  broadened  to  include  a  study 
of  the  practicability  of  drainage  for 
that  crop.  The  precipitation  was 
above  normal  during  the  growing  sea- 
son of  the  crop  harvested  in  the  fall 
of  1923,  and  the  several  acres  of  better 
•  drained  land  yielded  more  cane  per 
acre  than  the  plots  with  average  drain- 
age selected  as  comparable  in  other  re- 
spects. The  results  concerning  irriga- 
tion were  inconclusive,  owing  to  the 
large  rainfall,  but  lack  of  rainfall  dur- 
ing the  summer  of  1924  seems  to  indi- 
cate that  irrigation  rather  than  drain- 
age will  show  results  in  the  crop  to 
be  harvested  this  fall.  Both  for  drain- 
age and  for  irrigation  only  the  average 
results  over  a  period  of  years  will 
show  what  increases  in  yield  may  be 
obtained  and  whether  profits  may  be 
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expected  from  the  installation  of 
drainage  or  irrigation  improvements. 

On  the  east  coast  of  Florida,  in 
places,  protracted  periods  of  drought 
have  been  attended  or  immediately  fol- 
lowed by  the  death  of  many  trees  in 
citrus  orchards.  In  one  grove  some 
200  trees  were  removed  this  year. 
The  loss  of  a  tree  entails  not  only  the 
cost  of  removal  and  replacement  but 
also  the  loss  of  crop  for  five  or  six 
years  until  the  young  tree  is  yielding 
profitably.  An  investigation  has  been 
begun  to  determine  whether  a  defi- 
ciency in  the  soil-moisture  content 
really  is  the  cause  of  the  losses,  and 
whether  irrigation  will  remedy  or  pre- 
vent the  injury.  In  some  of  the  af- 
fected areas  frequent  determinations 
of  soil-moisture  content  are  being 
made,  and  experimental  irrigation  in 
connection  with  fertilization  of  some 
of  the  trees  that  had  begun  to  show 
the  characteristic  wilting  is  being  car- 
ried on  at  the  same  time.  The  owners 
of  the  orchards  where  the  expei'iments 
have  been  started  are  cooperating  in 
the  work.  The  investigation  will  be 
continued  in  cooperation  with  the  cit- 
rus growers  and  will  include  studies 
of  the  movement  of  the  irrigation 
water  in  the  s<:)il.  the  quantity  to  be 
applied,  and  the  most  economical  and 
effective  methods  to  be  used. 

In  cooperation  with  the  extension 
department  of  the  agricultural  col- 
leges in  a  few  States,  advice  and  as- 
sistance have  been  given  in  farm 
drainage,  terracing,  and  the  initiation 
of  community  drainage  enterprises  as 
in  previous  years.  Besides  the  aid  to 
individual  farmers  whose  drainage 
and  terracing  improvements  will  be 
effective  demonstrations  in  their  re- 
spective localities  the  bureau  planned 
and  supervised  the  installation  of  a 
tile  drainage  system  for  about  20  acres 
of  a  50-acre  pecan  orchai'd  in  Lee 
County,  Ga.,  upon  which  the  Bureau 
of  Plant  Industry  is  conducting  ex- 
periments. 

DISTRIBUTION  OF   SURPLUS  WAR 
EXPLOSIVES 

The  purposes  of  the  distribution  of 
surplus  war  explosives  to  farmers, 
which  has  been  carried  on  for  three 
years,  are  three  in  number:  (1)  To 
make  an  economical  use  of  this  ma- 
terial, which  otherwise  would  be  de- 
stroyed as  waste:  (2)  to  enable  farm- 
ers who  need  explosives  to  save  money 
in  buying  a  suitable  material;  and  (3) 
to  use  such  explosives  as  a  means  of 
interesting  farmers  in  improving  their 
lands  and  to  educate  them  in  the  best 


means    and    methods    of    doing    such 
work. 

At  the  beginning  of  the  fiscal  year 
the  bureau  had  on  hand  150.000  pounds 
of  cartridged  picric  acid  for  agri- 
cultural work.  This  was  distributed 
during  July  and  August.  The  avail- 
able supply  of  surplus  war  explosives 
then  consisted  of  some  8,000,000 
pounds  of  trinitrotoluol  (TNT.)  and 
10.00<j.000  pounds  of  sodium  nitrate. 
After  extensive  investigation  a  for- 
mula for  an  explosive  made  of  these 
two  materials  was  developed,  and  this 
explosive,  "  sodatol,"  was  used  by 
thousands  of  farmers  throughout  the 
country  and  gave  universal  satis- 
faction. 

Buls  for  preparing  the  .sodatol  were 
received  from  five  manufacturers  of 
explosives  in  July,  1923,  and  the  con- 
tract was  let  to  the  lowest  bidder. 
The  price  agreed  upon  ranged  from 
4.07  to  5.20  cents  per  pound,  and  ship- 
ments were  made  from  Repauno,  N.  J., 
Barksdale,  Wis..  Ashburn,  ^lo.,  Lou- 
viers,  Colo.,  or  from  Dupont,  Wash., 
in  order  to  secure  the  lowest  delivered 
price  to  the  farmers. 

More  than  14.000.000  pounds  of 
sodatol  had  been  distributed  in  nine 
mouths  when  shipment  of  the  last  of 
this  material  was  made,  in  June,  1924. 
The  distribution  to  farmers  was  han- 
dled by  cooperation  with  some  agency 
in  each  State,  usually  the  agricultural 
extension  service  of  the  State  agri- 
cultural college.  These  agencies  se- 
cured the  orders  from  the  individual 
farmers,  pooled  them  into  carload  lots, 
looked  after  the  details  of  the  dis- 
tribution when  the  shipments  reached 
destination,  and  carried  on  the  educa- 
tional work  connected  with  the  use  of 
the  explosive.  The  success  of  the 
distribution  is  largely  due  to  the  en- 
thusiastic cooperation  given  by  the 
State  agencies.  The  following  table 
gives  the  distribution  by  States : 

Pounds 

Alabama 76.  000 

.\rkunsas 1.  000 

CalifoTuia 50,  000 

Connecticut :38,  900 

Florida 21,  000 

Oeorsia 36,  000 

Hawaii 1,  000 

Idaho ^—  531,  200 

Iowa 225,  250 

Kansas 1,  700 

Kentuckv 38,  150 

Louisiana 32,  600 

Maryland L  000 

Michigan 1.  533,  000 

Minnesota 1,  773,  500 

Mississippi 71,  100 

Mis.snuri 101,  000 

Montana 135,  200 

Nebraska -17,  900 

New    .Jersey 600 

New   Mexico 500 
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New   York 20,000 

North    Carolina 657,  650 

Ohio 17.  000 

Oregon 980,  400 

Pennsylvania •'^5,  500 

South'  Carolina ISO,  700 

South    Dakota 73.000 

Tennessee 72,  800 

Texas 40,  050 

Washington 2,  269,  250 

Wisconsin 5,  044,  20O 

Total 14,  113,  150 

No  charge  was  made  foi'  the  ex- 
plosive materials,  but  the  farmers 
paid  the  cost  of  preparation,  the  over- 
head expenses  of  the  distribution,  and 
the  freight  charges.  As  nearly  as  can 
be  determined,  the  average  cost  of 
sodatol  to  the  farmer  at  his  railroad 
station  was  6V2  cents  per  pound, 
while  the  average  price  of  an  equiva- 
lent amount  of  commei'cial  explosive 
in  carload  lots  was  about  17  cents. 
Thus  the  saving  to  the  farmers  on 
tlie  total  amount  distributed  can  be 
conservatively  estimated  as  not  less 
than  .$1,500,000.  This  amount  would 
be  greatly  increased  if  comparison 
had  been  made  with  the  retail  sell- 
ing price  of  the  commercial  explosives. 
Reports  indicate  that  at  least  50,000 
farmers  used  this  explosive  and  so 
were  benefited  by  the   distribution. 

COMMENTS  ON  THE  VALUE  OF  SODATOL 

A  large  part  of  the  sodatol  was  dis- 
tributed in  States  having  cut-over 
lands,  where  it  was  used,  not  as  an 
inducement  to  get  more  settlers  on 
the  land  nor  to  open  up  new  areas 
for  settlement,  but  by  farmers  who 
are  struggling  to  get  enough  land 
under  cultivation  to  make  each  farm 
self-sustaining.  However,  a  greater 
amount  was  used  in  making  lands 
already  in  cultivation  produce  more 
crops  at  a  less  cost,  by  removing 
stumps  and  bowlders  and  squaring  up 
Irregular  fields.  The  use  of  sodatol 
was  by  no  means  confined  to  the 
States  generally  considered  as  com- 
prising the  cut-over  areas;  in  fact, 
great  interest  was  shown  in  many 
States,  such  as  Iowa,  which  are  or- 
dinarily thought  to  have  completed 
the  clearing  of  the  land.  A  recent 
survey  shows  that  in  one  of  the  best 
agi'icultural  counties  in  the  lower 
peninsula  of  Michigan  35  per  cent  of 
the  total  land  now  being  cultivated 
is  stump  land. 

The  value  of  this  use  of  surplus 
war  explosive  is  attested  hy  all  the 
reports  from  the  State  distributing 
agencies.  The  report  from  Wiscon- 
sin states,  in  part: 


Individual  efficiency  ♦  *  *  is  the 
first  and  shortest  way  out  of  the  present 
farm  difficulty,  and  the  very  large  in- 
crease in  the  use  of  explosives  by  southern 
Wisconsin  farmers  is  an  indication  that 
we  have  been  able  to  sell  this  idea  to 
them.  This  material  [sodatol]  has  not 
been  used  largely  to  increase  acreage  and 
production,  but  rather  to  remove  stumps 
and  stones  which  have  been  obstructing 
cultivation,  causing  costly  delays  and  ex- 
tensive repairs  to  machinery  and  equip- 
ment, loss  of  labor  and  increased  general 
cost  of  production,  and  consequent  lower- 
ing of  profits.  Thousands  of  farms  in 
southern  Wisconsin  still  need  land  clear- 
ing and  land  reclamation  in  order  to 
make    them    efficient    farm    units. 

The  Michigan  report  says,  in  part: 

During  the  period  of  distribution  of 
surplus  war  explosives,  aproximately  200r 
000  acres  have  been  cleared  *  *  *. 
The(  total  amount  of  surplus  war  ex- 
plosives distributed  [in  Michigan]  is 
2,718,300  pounds,  which  would  indicate 
that  there  was  used  an  average  of  13.6 
pounds  per  acre.  As  our  average  saving 
is  14  cents  per  pound,  the  average  sav- 
ing per  acre  cleared  would  be  only  $1.90, 
but  this  is  hardly  fair.  Fully  50  per 
cent  of  the  200,000  acres  used  practically 
no  explosive.  The  other  50  per  cent  used 
at  least  SO  per  cent  of  all  the  explosives, 
which  would  indicate  a  saving  of  more 
than  .fS  per  acre.  ♦  ♦  *  We  feel  free 
to  say  that  60.000  acres  would  never  have 
been  "cleared  had  it  not  been  for  surplus 
war  explosives. 

Minnesota  reports  that  about  62,800 
acres  of  land  were  cleared  of  stumps 
and  bowlders  with  sodatol  and  that 
the  saving  over  the  cost  of  commercial 
explosives  was  $6.13  per  acre,  or  a 
total  of  $385,000. 

Due  in  part,  at  least,  to  the  interest 
aroused  in  farm  development  by  this 
work,  a  number  of  investigational 
projects  have  been  undertaken  by  va- 
rious States.  These  investigations  in 
general  seek  to  determine  the  best 
methods  of  getting  rid  of  stumps  and 
bowlders  and  the  value  of  the  benefits 
obtained  by  such  removal. 

The  distribution  of  sodatol  was  com- 
pleted in  June,  1924,  and  plans  have 
lieen  perfected  to  begin  the  distribu- 
tion in  a  similar  manner  of  another 
explosive  called  "  pyrotol,"  the  for- 
mula for  which  was  developed  in  the 
division  of  agricultural  engineering. 
This  explosive  will  be  composed 
largely  of  ground  smokeless  powder 
and  sodium  nitrate,  and  probably  will 
be  the  last  surplus  war  explosive  to  be 
distributed. 

FARM  MECHANICAL  PROBLEMS 

The  importance  of  power  in  agricul- 
ture has  long  been  recognized,  but  it 
becomes  much  more  apparent  in  the 
light  of  data  collected  in  a  survey  of 
the  use  of  power  on  fai'ms  in  the 
United    States  made  during   the   past 
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year  by  this  bureau.  More  primary 
power  is  used  in  agriculture  at  the 
present  time  than  in  any  other  indus- 
try except  transportation.  Power  and 
labor  represent  over  60  per  cent  of  the 
total  cost  of  carrying  on  the  farm- 
ing operations.  Nearly  16,000,000,000 
horsepower-hours  are  used  annually  on 
farms  in  the  United  States,  and  the 
cost  exceeds  $3,000,000,000  each  year. 
It  is  by  the  use  of  this  power  tliat  the 
American  farmer  has  been  able  to  mul- 
tiply his  production  by  at  least  3  in 
the  past  75  yeai*s.  Tlie  average  amount 
of  power  used  on  farms  in  the  United 
States  at  present  is  about  2,.500  horse- 
power-hours per  farm,  about  1,500 
horsepower-hours  per  farm  worker,  and 
ab')ut  32  hoi-sepower-hours  per  acre  of 
improved  land.  It  requires  about  32 
horsepower-hours  to  produce,  harvest, 
and  haul  to  market  1  acre  of  crops  on 
the  average. 

Electricity  has  been  substituted  for 
other  forms  of  power  in  many  indus- 
tries ;  and  if  it  could  be  supplied  to 
farmers  at  a  cost  which  would  admit 
of  profitable  returns,  would  greatly  in- 
crease the  productiveness  of  agricul- 
tural workers.  The  cost  of  long-dis- 
tance tran.smi.ssion,  distribution,  and 
transformation,  the  .small  number  of 
consumers  per  mile  of  transmission, 
and  the  small  intermittent  loads  of 
the  individual  consumers  impose  con- 
ditions under  which  the  central  power 
companies  could  not  now  secure  a 
prifitable  return  on  their  investment. 
The  only  way  in  wliich  the  cost  of 
central-station  enei'gy  can  be  so  low- 
ered as  to  render  the  general  use  of 
electricity  in  agriculture  profitable  is 
to  increase  its  profitable  agricultural 
u.ses. 

With  this  in  view,  the  committee  on 
the  relation  of  electricity  to  agricul- 
ture, composed  of  representatives  of 
the  American  Farm  Bureau  I'edera- 
tion.  the  American  Society  of  Agri- 
cultural Engineers,  the  National  Elec- 
tric Light  Association,  and  the  IT.  S. 
Departments  of  Agriculture,  Com- 
merce, and  Interior,  has  been  fonned. 
The  purpose  of  the  committee  is  to 
formulate  a  program  to  serve  as  a 
guide  in  planning  and  conducting  in- 
vestigations as  to  the  profitable  uses 
of  electricity  in  agriculture.  In  oi'der 
that  fai*m  problems  might  be  better 
understood,  the  committee  requested 
the  Department  of  Agriculture  to 
make  a  general  survey  of  the  use  of 
power  on  United  States  farms.  This 
survey,  the  report  of  which  is  prac- 
tically completed,  was  made  during 
the  past  year  and  consists  largely  of 
a  compilation  of  all  reliable  informa- 


tion now  available.  The  report  shows 
the  various  present  uses  of  power  on 
the  farms,  the  amount  of  different 
kinds  used,  the  power  required  for 
some  of  the  major  farm  operations, 
and  the  geographical  and  seasonal 
distribution  of  power  requirements, 
and  contains  much  other  information 
of  a  statistical  nature.  It  will  be  of 
value  to  all  those  interested  in  the 
development  of  power  equipment  and 
the  production  of  farm  machinery,  as 
a  basis  for  investigations  to  determine 
the  fundamental  facts  regai'ding  the 
actual  power  required  in  farm  opera- 
tions and  for  the  design  of  farm  equip- 
ment. 

The  increasing  cost  of  coal  has 
brought  into  the  market  a  large  num- 
ber of  oil  burners  for  house  heating. 
Because  of  the  many  requests  for  in- 
formation and  advice  concerning  them, 
an  investigation  was  undertaken  in 
cooperation  with  the  Bureau  of  Home 
Economics  for  the  purpose  of  obtain- 
ing first-hand  information  regarding 
tlie  efficiency  and  operating  character- 
istics of  the  several  types  offered  the 
public.  As  the  work  was  xuidertaken 
late  in  the  year  and  it  was  necessary 
to  install  considerable  laboratory 
equipment,  the  investigation  has  not 
progressed  to  the  point  where  definite 
statements  can  be  made.  The  data  so 
far  obtained  indicate  that  informa- 
tion obtained  will  be  of  value  to 
manufacturers  who  wish  to  increase 
the  efiieiency  of  the  burners  and  to 
users  in  operating  the  equipment  after 
installation. 

DEVELOPMENT   OF   COTTON-DUSTING 
MACHINES 

The  work  of  developing  and  testing 
cotton-dusting  machines  and  equip- 
ment for  .spreading  insecticides  to 
poison  the  cotton  boll  weevil  has  been 
(continued  through  the  year  in  coop- 
eration with  the  Bureau  of  Entomol- 
ology,  with  headquarters  at  the  bu- 
i-eau's  laboratory  at  Tallulah,  La. 
Apparatus  for  spreading  calcium  ar- 
senate from  airplanes  and  balloons 
has  been  given  most  attention  during 
the  year.  Fairly  satisfactoi-y  prog- 
ress has  been  made,  though  a  great 
deal  of  additional  experimental  work 
probabl.v  will  lie  necessary  before  the 
many  pos.sible  variations  in  the  equip- 
ment have  been  tested  and  the  antici- 
l>ated  degree  of  perfection  is  achieved. 
New  or  improved  types  of  dusting 
machines  continue  to  be  submitted  by 
private  manufacturers  for  test,  and 
an  engine-driven  traction  duster  has 
been  developed. 
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The  investigation  in  cooperation 
witii  the  Bureau  of  Plant  Industry 
looking  toward  greater  economy  and 
^'fRciency  in  the  transportation  of 
fruits  and  vegetables  included  tests 
made  at  Arlington,  Va.,  on  two  re- 
frigerator cars  furnished  for  the  pur- 
jiose  by  the  Pacific  Fruit  Express,  to 
determine  the  effect  of  body  icing  on 
the  car  insulation.  Body  icing  is  the 
use  of  ice  directly  upon  the  lading,  a 
practice  that  is  used  to  a  limited  but 
increasing  extent  in  some  parts  of  the 
country,  although  the  melting  i<!e 
keeps  the  floor  of  the  car  wet  while 
being  so  used.  One  of  the  cars  had 
been  used  for  shipments  with  body 
icing,  and  the  floor  had  been  more  or 
less  satui'ated  with  the  water ;  the 
other  car  had  not  been  so  used,  ac- 
cording to  the  records,  and  the  floor 
had  been  kept  dry.  The  tests  con- 
sisted of  measurement,  b.v  direct  meth- 
ods, of  the  loss  of  heat  through  the 
floors  of  the  cars.  Some  of  the  test- 
ing ai>paratus  being  new  in  type,  con- 
siderable experimentation  was  re- 
quired to  develop  satisfactory  meth- 
ods, but  sufficient  work  has  been  done 
to  show  that  the  practice  of  body 
icing  results  in  appreciable  damage 
to  the  floors  of  the  refrigerator  cars. 

The  refrigerator  car  of  the  Bureau 
of  Plant  Industry  was  entirely  recon- 
structed to  conform,  as  regards  the  in- 
ternal arrangement,  with  the  recom- 
mendations made  by  the  Department 
of  Agriculture  and  promulgated  during 
the  World  War  by  the  United  States 
Railroad  Administration  in  its  stand- 
ard refrigerator-car  specifications. 
Further  provision  was  made  for  read- 
ily changing  the  bulkhead  and  bunker 
construction,  so  that  experiments  on 
the  effect  of  various  modifications  can 
be  made.  The  work  was  done  at  Po- 
tomac Yards,  entirely  at  the  expense 
of  the  Bureau  of  Plant  Industry.  This 
project  now  has  a  refrigerator  car 
suitable  for  either  laboratory  or  road 
tests,  including  the  actual  shipment  of 
perishable  products  in  comparison 
with  other  cars. 

During  the  year  specifications  wert> 
prepared  for  the  purchase  and  instal- 
lation of  new  equipment  and  the  rear- 
rangement of  some  of  the  present 
equipment  in  the  cold-storage  labora- 
tory of  the  Bureau  of  Plant  Industry 
at  Arlington  Experiment  Farm.  The 
new  equipment  includes  two  ammonia 
compressors  and  one  brine  tank,  al- 
ready secured  to  add  to  the  previous 
equipment,  and  a  new  electric  switch- 
board yet  to  be  purchased. 

To  provide  means  for  studying  meth- 
ods  of   minimizing   damage    done    by 


frost,  in  connection  with  the  study  of 
transportation  of  citrus  fruits,  equip- 
ment was  needed  for  experimentally 
freezing  the  fruit  on  the  tree.  For 
this  purpose  a  sectional  freezing 
chamber  of  insulated  panels  was  de- 
signed and  constructed  so  that  one 
man  can  place  it  about  and  over  the 
tree  to  be  frozen.  Low  temperatm*es 
are  obtained  by  a  specially  designed 
air-cooling  tank.  After  tests  on  apple 
trees  at  Arlington  Experiment  Farm 
the  apparatus  was  shipped  to  Califor- 
nia and  used  for  freezing  citrus  trees, 
and  thereby  considerable  data  were 
obtained  concerning  the  effects  on  both 
tree  and  fruit  of  different  freezing 
temperatures  maintained  for  various 
periods  of  time.  In  operation,  temper- 
atures in  the  chamber  were  main- 
tained fairly  steadily  throughout  the 
night  30°  to  35°  belbw  those  outside, 
with  a  variation  of  only  5°  to  7°  be- 
tween the  top  and  bottom  tempera- 
tures inside. 

VENTILATION  OF  FARM  BUILDINGS 

The  importance  of  the  proper  venti- 
lation of  farm  buildings  in  which 
stock  and  crops  are  housed  is  becom- 
ing more  and  more  generally  recog- 
nized. As  it  has  been  necessary  to 
provide  man  with  warmth,  light,  and 
abundant  fresh  air  in  his  working 
quarters,  so  it  has  been  found  neces- 
sary to  provide  farm  stock  with  ade- 
quate shelter  and  to  maintain  them  in 
good  health  if  maximum  production 
is  to  be  had.  Crops  must  be  stored  on 
the  farm  for  greater  or  less  periods 
of  time  in  the  interest  of  orderly  mar- 
keting or  to  complete  the  processes  of 
production,  as  in  the  case  of  tobacco. 
In  practically  every  instance  it  has 
been  found  that  the  question  of  venti- 
lation is  of  vital  importance.  The 
problem  of  providing  proper  ventila- 
tion resolves  into  two  major  phases, 
of  which  one  is  the  determination  of 
the  atmospheric  conditions  that  must 
be  maintained  within  the  structure  to 
insure  health  and  productiveness  in 
animals  and  to  prevent  spoilage  in 
stored  crops.  Tliis  part  of  the  prob- 
lem is  a  subject  for  the  animal  nutri- 
tionist and  other  specialists  in  the  ani- 
mal and  crop  production.  The  other 
phase  is  an  engineering  problem  and 
consists  of  devising  the  means  for  ob- 
taining and  maintaining  the  desii'ed 
atmospheric  conditions.  The  use  of 
mechanical  equipment  for  this  purpose 
by  the  farmer  is  prohibited  by  the 
cost  of  installation  and  operation,  so 
the  desired  end  must  be  attained 
through  the  utilization  and  control  of 
natural  air  forces.     Efforts  to  devise 
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eflicieiit  means  of  doing  this  liave  been 
iiampered  by  the  lack  of  knowledge 
relating  to  unknown  and  uncontrol- 
lable factors  affecting  the  ventilation 
of  farm  buildings.  The  investigation 
to  determine  the  fundamental  princi- 
ples upon  which  the  design  and  opera- 
tion of  ventilating  systems  might  be 
based  was  continued  during  the  cur- 
rent fiscal  year. 

From  observations  and  tests  made 
under  operating  conditions  in  a  num- 
ber of  (hiiry  barns,  data  have  been  se- 
cured v\hicli  will  be  of  material  assist- 
ance to  engineers  and  designers  of  ven- 
tilating system  as  well  as  to  the  farm- 
ers who  must  operate  them.  Farmers' 
Kulletin  No.  1893,  Principles  of  Dairy 
IJarn  Ventilation,  has  been  prepared 
and  published  during  the  past  year,  to 
acquaint  farmers  with  the  necessity 
for  the  ventilation  of  the  dairy  barns, 
tlie  principles  involved,  and  the  sys- 
tems in  common  use.  Papers  also 
\\ere  prepared  and  presented  before 
technical  societies. 

PLANS  OF  BUILDINGS  AND   EQUIPMENT 

There  were  prepared  in  the  bureau 
a  number  of  plans  for  farm  buildings 
and  equipment,  many  of  whicli  were 
designed  for  general  distribution  at 
the  request  of  or  in  cooperation  with 
other  bureaus  of  the  department.  The 
investigations  of  specialists  in  animal 
liusbandry  and  ci'op  production  fre- 
<(iiently  result  in  recommendations  as 
to  conditions  to  be  obtained  within 
))uildings  intended  for  rhe  housing  of 
animals  or  crops,  or  as  to  facilities 
or  equipment  embodying  or  permitting 
of  the  adoption  of  such  recommenda- 
tions, and  the  best  means  of  convey- 
ing to  tbc  farmer  the  information  that 
will  a.ssist  him  in  building  construc- 
tion. As  the  preparation  of  such  plans 
often  involves  engineering  problems, 
tlie  cooperation  of  this  bureau  is 
souglit  in  this  connection.  The  bureau 
now  has  on  hand  a  large  number  of 
designs  for  buildings  and  equipment, 
prints  of  which  are  ava'lable  to  those 
who  contemplate  building.  Descrip- 
tive lists  of  tliese  designs  may  be  had 
upon  request. 

There  was  prepared  and  issued  for 
the  use  of  college  authorities  a  classi- 
fied list  of  the  farm-building  plans  pre- 
pared by  all  the  colleges  and  this  Ini- 
reau.  This  list  enaliles  the  authorities 
to  locate  and  obtain  for  their  own  use 
plans  of  suitable  structures  for  which 
tbey  do  not  themselves  have  drawings. 
It  also  makes  it  possible  for  the  bu- 
reau to  refer  inquiries  from  a  given 
State    to    the    agency    in    that    State 


from  which  plans  designed  to  meet 
local  conditions  may  be  obtained. 
When  suitable  plans  are  not  available, 
the  correspondent  is  given  the  best 
advice  and  assistance  possible.  A 
scheme  of  cooperation  is  now  being 
developed  which,  it  is  hoped,  will  make 
practicable  a  complete  interchange  of 
such  plans  as  are  mutually  suitable 
to  the  conditions  prevailing  in  two  or 
more  of  the  States,  thus  avoiding  du- 
plication of  effort  and  making  avail- 
able to  the  farmers  of  the  respective 
States  a  much  larger  choice  of  plans, 
at  a  considerably  lower  cost  to  the 
States  and  to  this  bureau  for  the  serv- 
ices rendered. 

The  increased  cost  of  building  has 
led  to  a  considerable  intei'est  in  pise 
de  terre,  or  rammed  earth,  as  a  build- 
ing material.  This  old  type  of  con 
struction  was  employed  for  many 
years  in  Europe,  and  to  a  very  limited 
extent  in  this  coimtr.v  when  transport 
tation  facilities  were  lacking.  Dur- 
ing the  World  War  its  use  was  re 
vived,  especially  in  England,  as  si 
means  of  meeting  the  high  cost  ol 
materials  and  labor.  The  use  of  this 
method  of  construction,  at  least  id 
certain  types  of  buildings,  apparently 
has  much  to  recommend  it,  but  ther 
is  lacking  exact  knowledge  as  to  the 
kinds  of  soil  best  suited  to  the  pur- 
po.se.  the  durability  of  such  construc- 
tion, and  the  most  economical  methods 
of  handling  the  materials.  Because  of 
the  many  requests  for  information 
concerning  this  method  of  building,  ai 
memorandum  summarizing  the  avail-J 
able  infcn-mation  was  prepared  for  USM 
in  replying  to  such  inquiries.  1 

A  new  bulletin  on  farmstead  water 
supply  was  prepared  to  better  supply 
the  information  being  requested  by  an 
increasing  number  of  farmers  concern- 
ing this  sub.lect.  It  supersedes  an 
older  publication  relating  to  the  same 
general  subject,  but  is  more  profusely 
illustrated  and  includes  new  material 
pertaining  especially  to  the  planning 
of  the  water  system  for  the  farm, 
pumping,  and  tiie  provision  of  storage 
facilities. 

For  the  use  of  the  Office  of  Coopera- 
tive Extension  Work,  there  was  pre- 
pared lantern  slide  series  No.  105,  on 
farm  sanitation,  consisting  of  33  slides 
with  a  s.vllabus  based  on  a  bulletin 
pul)]ished  previousl.v. 

STUDIES   OF  THE  USE  OF  TRACTORS 

A  study  of  the  problems  of  tractor 
farming  in  California  has  been  started 
in  cooperation  with  the  University  of 
California.     The  types  of  farming  fol- 
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lowed  in  California  lend  tliemselves 
very  well  to  the  use  of  tractors.  Few 
crops  of  the  row  type  are  produced, 
and  as  a  result  tractor  power  can  be 
used  for  almost  all  farm  operations. 
Certain  soils  and  climatic  conditions 
that  exist  in  California,  however,  have 
produced  numerous  mechanical  diffi- 
culties that  ordinarily  are  not  encoun- 
tered in  tractor  farming.  Much  of  the 
soil  is  of  a  fine  gritty  nature,  and  the 
long  dry  spells  that  are  common  in  the 
West  cause  an  excessive  amount  of 
dust  to  be  formed.  As  a  result  of 
these  two  conditions,  very  rapid  wear 
occurs  in  the  tractors,  and  there  is  ex- 
traordinary difficulty  in  obtaining 
traction.  It  is  with  a  view  of  collect- 
ing information  that  will  help  solve 
these  mechanical  difficulties  that  the 
tractor  study  has  been  undertaken. 

Two  bulletins  on  tractor  farming 
were  issued  during  the  year.  One  is 
a  study  of  the  use  of  tractors  in  the 
winter-wheat  belt,  and  compares  the 
costs  of  supplying  power  w^ith  horses 
and  with  tractors.  Comparisons  of 
cost  were  computed  on  1921,  1922,  and 
1923  values.  The  other  bulletin  dis- 
cusses the  utilization  and  cost  of  using 
tractor-drawn  implements.  It  is 
based  on  data  obtained  in  tractor  in- 
vestigations previously  made,  and  is 
intended  to  be  helpful  to  those  who 
practice  power  farming  or  who  con- 
template a  greater  use  of  mechanical 
power. 

FERTILIZER  DISTRIBUTION 

The  use  of  high-grade  fertilizers  is 
being  discussed  a  great  deal  at  the 
present  time  in  connection  with  the 
disposition  of  Muscle  Shoals,  and  the 
Bureau  of  Soils,  the  Bureau  of  Plant 
Industry,  and  the  Fixed  Nitrogen 
Laboratory  have  been  working  for 
some  time  on  the  development  of  ex- 
tremely high-percentage  fertilizers.  If 
these  more  concentrated  fertilizers 
prove  practical,  it  will  mean  the  cut- 
ting down  of  the  rate  of  application 
per  acre  to  as  lo\v  as  one-third  and 
in  some  cases  to  one-fifth  as  much  as 
is  now  used.  There  is  serious  ques- 
tion, howevei-,  as  to  whether  the  fer- 
tilizer distributors  now  on  the  market 
can  be  successfully  operated  at  these 
low  rates  of  application.  Also,  under 
certain  conditions  fertilizers  now  used 
may  cause  serious  damage  when  they 
come  in  contact  with  germinating  seed 
and  growing  plants,  and  it  is  possi- 
ble that  such  damage  whU  be  much 
greater  in  case  more  concentrated  fer- 


tilizers are  used.  For  tliese  reasons 
the  division  of  agricultural  engineer- 
ing has  been  asked  to  make  a  study 
of  the  mechanical  problems  of  fertil- 
izer distribution,  with  a  view  to  devis- 
ing improvements  that  will  handle  the 
small  amounts  and  so  distribute  the 
fertilizer  as  to  prevent  crop  injury. 
Arrangements  ai-e  being  made  to  start 
this  work  shortly  after  .July  1,  1924. 

ENGINEERING  PROBLEMS 

By  collecting  and  disseminating  the 
information  of  an  engineering  nature 
secured  by  other  investigators  it  has 
been  possible  to  render  assistance  to 
thousands  of  farmers  and  others  con- 
fronted with  structural,  mechanical, 
and  other  engineering  problems  to 
whom  other  sources  of  advice  and  in- 
fonnation  are  not  readily  available. 
This  service  is  rendered  largely  by 
correspondence  and  involves  a  very 
large  portion  of  the  time  of  the  person- 
nel engaged  in  agricultural  engineer- 
ing work. 

PUBLICATIONS,  EXHIBITS,  AND  MOTION 
PICTURES 

The  educational  extension  work  has 
been  carried  on  along  the  same  lines 
as  in  previous  j^ears.  Information  in 
regard  to  the  various  subjects  within 
the  field  of  the  bureau's  activities  has 
been  laid  before  the  public  by  means 
of  publications,  motion  pictures,  ex- 
liibits,  and  lantern  slides. 

Nev,'  motion  pictures  have  been  made 
of  the  highway  experiments  at  the 
Arlington  Experiment  Farm,  tests  of 
guard  rails  by  the  Pennsylvania  State 
highway  department,  and  films  which 
will  be  developed  into  two  2-reel  pic- 
tures were  made  in  connection  with 
the  highway  inspection  tour  of  the 
Pan  American  Highway  Commission  in 
.June,  1924.  In  the  preparation  of 
these  pictures  the  bureau  cooperated 
with  the  Office  of  Motion  Pictures. 

Be.sides  cooperating  with  the  Office 
of  Exhibits  in  the  preparation  of 
models  and  exhibit  bootlis  for  exhibi- 
tion at  eligible  State  fairs  and  assist- 
ing in  the  demonstration  of  depart- 
ment exhibits  at  such  fairs,  the  bu- 
reau has  prepared  special  displays  for 
automobile  shows  and  highway  con- 
ventions. These  special  exhibits  of  the 
bureau  are  eagerly  sought  by  the 
largest  of  the  automobile  shows,  by 
the  American  Road  Builders'  Associa- 
tion for  its  annual  good-roads  show  at 
Chicago,  and  by  other  highway  asso- 
ciations. 
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Publication  of  tlie  magazine  Public 
Roads,  which  was  resumed  in  March, 
1924,  is  the  most  important  develop- 
ment in  this  field  of  the  bureau's  ac- 
tivities. The  new  publication  is  a 
monthly  journal  of  highway  research 
in  which  it  is  proposed  to  publish  re- 


ports of  all  researches  and  tests  of 
the  bureau  pnd  its  cooperators.  The 
four  issues  published  during  the  fiscal 
year  have  been  enthusiastically  re- 
ceived by  highway  engineers  in  this 
country  and  abroad. 
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REPORT  OF  THE  CHIEF  OF  THE  BUREAU  OF  PUBLIC 

ROADS 


UxiTED  States  Department  of  Agriculture, 

Bureau  of  Public  Roads, 
Washington,  D.  C,  October  IS,  1925. 
Sir  :  I  liaA^e  the  honor  to  submit  herewith  the  report  of  the  Bureau 
of  Public  Eoads  for  the  fiscal  year  ended  June  30,  1925,  covering 
brieiiy  the  work  done  in  connection  with  the  construction  of  Fed- 
eral aid  and  national  forest  roads,  and,  more  completely,  those  func- 
tions of  the  bureau  which  are  provided  for  by  the  act  making  ap- 
propriations for  the  Department  of  Agriculture.    A  more  complete 
report  of  the  Federal  aid  and  national  forest  road  work  will  be 
made  subsequently  as  provided  in  section  19  of  the  Federal  highway 
act,  approved  November  9,  1921. 
Respectfully, 

Thos.  H.  MacDonald, 

Chief  of  Bureau. 
Hon.  Wm.  M.  Jardine, 

Secretary  of  Agriculture. 


FEDERAL-AID  HIGHWAYS 

By  completing  11,328.6  miles  of  Fed- 
eral-aid roads  during  the  fiscal  year 
1925  the  cooperating  Federal  and 
State  governments  established  a  new 
record.  The  greatest  mileage  previ- 
ously completed  in  any  one  fiscal  year 
was  the  10,247  miles  completed  in  1922. 
The  new  record  exceeds  by  30  per 
cent  the  mileage  completed  in  the 
fiscal  year  1924,  and  by  more  than  50 
per  cent  the  aggregate  mileage  com- 
pleted during  the  first  five  years  of 
work  under   the  Federal-aid  plan. 

The  year's  work  brings  the  total  of 
mileage  completed  since  the  passage 
of  the  first  Federal-aid  road  act  in 
1916  up  to  46,485.5  miles ;  and  in  addi- 
tion to  the  mileage  completed  a  great 
deal  of  work  has  been  done  on  the  12.- 
462.6  miles  which  at  the  close  of  the 
year    were    under    construction.     The 


program  of  work  thus  far  undertaken 
includes  the  above  mileage  completed 
and  under  construction  and  an  addi- 
tional 2,181.6  miles  approved  for  im- 
provement with  Federal  aid  but  not 
yet  placed  under  construction.  In- 
cluding this  latter  mileage  the  pro- 
gram of  Federal  and  State  coopera- 
tion in  road  building  as  definitely 
planned  or  completed  to  date  involves 
61,129.7  miles,  of  which  all  but  3,570 
miles  undertaken  prior  to  the  passage 
of  the  Federal  highway  act  in  1921 
are  included  in  the  interstate  or  Fed- 
eral-aid highway  system  designated  in 
accordance  with  the  provisions  of  that 
act. 


federal-aid  highway  system  two- 
thirds  IMPROVED 


The     mileage     of     the     Federal-aid 
highway  system  is  limited  by  law  to 


65221—25- 


A .  ;j^3i 


ANNUAL  REPORTS   OF    THE    DEPARTMENT    OF    AGRICULTURE 


200,349  miles,  which  is  7  per  cent  of 
the  total  mileage  of  highways  in  the 
United  States  at  the  time  of  the  pas- 
sage of  the  Federal  highway  act.  Up 
to  the  present  the  system  as  desig- 
nated includes  only  178,797  miles. 
Of  this  mileage,  as  indicated  above, 
approximately  57,560  miles  has  al- 
ready been  improved  or  undertaken 
for  improvement  with  Federal  aid. 
As  the  States  alone,  without  Federal 
assistance,  have  completed  or  have 
under  construction  an  additional  mile- 
age on  the  system  amounting  to  over 
65,000  miles,  it  will  be  seen  that  ap- 
proximately two-thirds  of  this  system, 
designated  since  1921,  is  already  com- 
pleted or  under  construction.  When 
the  system  was  designated  it  was 
hoped  that  its  improvement  could  be 
completed  within  10  years.  At  the 
present  rate  it  is  apparent  that  this 
hope  will  be  realized  and  that  within 
five  more  years,  if  nothing  happens  to 
retard  the  progress,  there  will  be  a 
continuous  interstate  highway  system 
connecting  every  city  of  5,000  popu- 
lation or  larger,  and  every  section  of 
it  improved  to  a  degree  consistent 
with  the  density  and  character  of 
the  traffic. 

The  year's  mileage  completed  con- 
stitutes a  varying  percentage  of  the 
Federal-aid  highway  system  in  the 
several  grovips  of  States.  As  the 
designated  system  is  in  all  States 
practically  the  same  percentage  of  the 
total  mileage  of  highways,  and  as  in 
all  States  it  includes  the  most  im- 
portant highways,  the  ratio  of  the 
mileage  of  Federal-aid  roads  com- 
pleted during  the  year  to  the  mileage 
of  the  system  in  each  State  or  group 
of  States  may  be  taken  as  the  index 
of  the  rapidity  with  which  the  high- 
ways of  the  section  are  being  im- 
proved with  Federal  aid 

Analyzing  the  year's  record  in  this 
way  it  appears,  as  shown  in  Table 
1,  that  the  most  rapid  progress  to- 
ward the  completion  of  the  Federal- 
aid  system  with  Federal  participation 
was  made  in  the  West  South  Central 
States,^  where  the  mileage  completed 


1  The  various  groups  of  States  referred 
to  are  as  follows  : 

New  England  States  :  Maine,  New  Hamp- 
shire, Vermont,  Massachusetts,  Connecti- 
cut,   Rhode    Island. 

Middle  Atlantic  States  :  New  York,  Penn- 
sylvania, New  Jersey. 

South  Atlantic  States :  Delaware,  Mary- 
land, Virginia,  West  Virginia,  North  Caro- 
lina,  South   Carolina,  Georgia,   Florida. 


during  the  year  was  8.6  per  cent  of 
the  total  mileage  of  the  sy.stem.  In 
these  States  the  progress  of  the  co- 
operative construction  would,  if  con- 
tinued at  the  same  rate,  without  other 
construction,  result  in  the  completion 
of  the  Federal-aid  system  in  less  than 
12  years. 

Compared  in  the  same  manner  with 
the  mileage  of  the  Federal-aid  sys- 
tem the  year's  progress  in  the  coopera- 
tive work  by  other  groups  of  States 
is  indicated  by  the  percentages  shown 
in  the  third  column  of  Table  1. 
Ranked  in  the  descending  order  of 
percentage  improved  during  the  year 
the  several  groups  are :  West  South 
Central,  8.6  per  cent ;  East  South 
Central,  8.2  per  cent ;  Mountain,  7.6 
per  cent :  South  Atlantic,  6  per  cent ; 
Middle  Atlantic,  5.8  per  cent ;  West 
Nortli  Central,  5.5  per  cent ;  East 
North  Central,  5  per  cent ;  Pacific, 
4.9  per  cent ;  New  England,  4.4  per 
cent. 

Forty-three  per  cent  of  the  mileage 
completed  during  the  year  was  built 
in  the  16  States  which  comprise  the 
East  and  West  South  Central  and 
Mountain  groups.  These  States,  al- 
most without  exception  the  largest 
in  the  country,  include  49  per  cent 
of  the  total  land  area  of  the  United 
States.  Somewhat  later  in  commenc- 
ing the  improvement  of  their  roads 
than  the  other  States,  they  are  now 
making  rapid  progress  in  the  build- 
ing of  their  main  highways  with  Fed- 
eral aid.  Fortunately  their  highway 
traffic  is  still  considerably  lighter  than 
in  other  States  and  they  are  able, 
therefore,  to  build  a  greater  mileage 
of  satisfactory  highways  at  a  given 
cost  than  the  other  States.  This  is 
indicated  by  the  fact  that  while  their 
completed  mileage  was  43  per  cent  of 
the  shear's  total,  the  total  cost  of  the 
roads  completed  was  only  35  per  cent 
of  the  total  cost  of  all  roads  com- 
pleted with  Federal  aid  during  the 
year. 


East  North  Central  States  :  Ohio,  In- 
diana,  Michigan,    Illinois,    Wisconsin. 

East  South  Central  States :  Kentucky, 
Tennessee,   Alabama,   Mississippi. 

West  North  Central  States :  Minnesota, 
Iowa,  Missouri,  North  Dakota,  South 
Dakota,    Nebraska,    Kansas, 

West  South  Central  States :  Arkansas, 
Louisiana,    Oklahoma.    Texas. 

Mountain  States  :  Montana,  Idaho,  Wyo- 
ming, Colorado,  New  Mexico,  Arizona, 
Utah,   Nevada. 

Pacific  States :  Washington,  Oregon, 
California. 
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Table  1. — Federal-aid  mileage  com- 
pleted during  the  fiscal  year  1925 
compared  with  the  mileage  of  the 
Pede)'al-aid  highway  system  'by 
groups  of  States 


Portion 

of  Fed- 

Federal- 

Federal- 

eral-aid 

Group  of  States 

aid  roads 
com- 
pleted 

aid 
highway 
system 

im- 
proved 
with 
Federal 
aid 

Miles 

Miles 

Per  cent 

New  England _ 

256.2 

5,789 

4.4 

Middle  Atlantic 

571.4 

9,879 

5.8 

South  Atlantic 

1,  272.  7 

21, 155 

6.0 

East  North  Central. - 

1,  293.  7 

25,  740 

5.0 

West  North  Central . 

2,  561.  3 

46. 435 

5.5 

East  South  Central . . 

1, 149.  8 

14, 020 

8.2 

West  South  Central.. 

2, 096. 1 

24,  282 

8.6 

Mountain. ..i 

1,  626.  2 
501.2 

21, 308 

7.6 

Pacific 

10,189              4.9 

Total 

11,328.6 

178, 797              6. 3 

FEDERAL     AID     A     VITAL     FACTOR     IN 
CENTRAL   AND    MOUNTAIN    STATES 

The  degree  to  which  the  States  of 
the  several  groups  are  dependent  upon 
Federal  participation  to  enable  them 
to  carry  on  the  work  of  highway  im- 
provement is  indicated  by  Table  2  in 
which  the  mileage  of  Federal-aid 
roads  completed  during  the  fiscal  year 
1925  is  compared  with  the  total  mile- 
age of  highways  constructed  under 
the  supervision  of  the  State  highway 
departments  during  the  calendar  year 
1924.  Unfortunately  the  data  are  not 
available  which  permit  this  comparison 
to  be  made  on  the  basis  of  exactly  the 
same  period,  but  the  difference  in  time 
is  not  great  enough  to  be  material. 

It  is  apparent  from  Table  2  that  the 
Federal  assistance  is  a  very  impor- 
tant factor  in  the  East  and  West 
South  Central  States  and  the  Moun- 
tain States  where  the  Federal-aid 
roads  constitute  from  two-thirds  to 
three-quarters  and  more  of  the  annual 
program  of  construction.  In  the 
Middle  Atlantic  and  East  North  Cen- 
tral States  the  percentage  of  roads 
built  without  Federal  assistance  is 
highest,  being  more  than  two-thirds  of 
the  annual  program  in  each  case, 
whereas,  for  the  country  as  a  whole 
the  Federal-aid  program  is  practically 
half  of  the  annual  construction  pro- 
gram carried  on  under  the  State  high- 
way departments. 

While  the  Federal  aid  is  thus  shown 
to  be  in  all  States  a  considerable 
factor,  invaluable  to  some  and  helpful 
to  others,  the  fact  that  in  all  groups 
of  States  from  a  fifth  to  two-thirds  of 


Table  2. — Federal-aid  mileage  com- 
pleted in  fiscal  year  1925  compared 
with  total  mileage  completed  in  192^ 
by  the  State  highxoay  departments 


Federal- 
aid  mile- 
age com- 
pleted, 
fiscal 
year  1925 

Mileage 
completed 
by  State 
highway 
depart- 
ments, 
1924 

Group  of  States 

RaTioof 

Federal 

aid  to 

total 

State 

program 

New  England 

Middle  Atlantic 

South  Atlantic 

East  North  Central. 
West  North  Central. 
East  South  Central. 
West  South  Central. 
Mountain. 

Miles 
256.2 
571.4 

1,  272.  7 

1,  293.  7 

2,  561. 3 
1,149.8 
2, 096. 1 
1,  626.  2 

501.2 

Miles 

622.9 
1, 878. 1 

3,  240.  7 

4,  259.  3 
5, 079.  3 
1,  525.  6 
3, 187. 1 
2, 075. 3 
1,  295.  7 

Per  cent 
4L2' 
30.4 
39.3. 
30.4 
50.5 
75.5. 
65.7 
78.5 

Pacific... 

38.6 

Total 

11,328.6 

23, 164. 0 

49.0 

the  highways  improved  under  the  su- 
pervision of  the  State  highway  de- 
partments are  built  with  State  funds 
entirely  without  Federal  participation 
is  sufficient  to  indicate  that  the  offer 
of  Federal  assistance  has  not  had  the 
effect  of  inducing  the  States  to  spend 
a  greater  sum  for  highway  improve- 
ment than  they  would  otherwise  have 
found  expedient. 

THE  YEAR'S  RECORD  BY  TYPES  OF 
CONSTRUCTION 

The  mileage  completed  during  the 
fiscal  year,  classified  according  to  type 
of  construction,  is  shown  in  Table  3. 

Table  3. — Mileage  of  Federal-aid  roads 
completed  in  fiscal  year  1925,  by 
types  of  construction 


Class  and  type  of 

Completed  during  fiscal 
year  1925 

By  types 

By  classes 

Low: 
Graded  and  drained.. 
Sand-clay 

Miles 

2, 064. 1 

718.8 

4,  202.  9 

129.2 

911.9 

34L3 

2, 806.  4 
107.3 
46.7 

Miles 
6,  985.  8 

[l,041. 1 

[3,  255.  0 
46.7 

Per  cent 
6L7 

Gravel..  

Intermediate: 
Water-bound  mac- 

Bituminous  mac- 

9.2 

High: 
Bituminous  concrete. 
Portland-cement 

28.7 

Brick 

.4 

Total... 

11, 328. 6 

11, 328.  6 

100.0 

Classified  in  a  similar  manner  by 
groups  of  States  the  completed  mile- 
age is  analyzed  in  Table  4. 
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Table  4. — Mileage  of  Federal-aid  roads  completed  iti  fiscal  year  1925,  by  classes 

and  groups  of  States 


Group  01  States 

Cla.ss  of  construction 

Low 

Medium 

High 

Bridges 

New  England 

Middle  Atlantic 

Milex 
48.8 
1.6 

671.8 

224.9 
2,110.5 

753.  2 
1, 346.  9 
1,491.7 

333. 4 

Per  cent 

19.0 

.3 

52.8 
17.4 
S2.4 
65.5 
64.2 
91.9 
66.5 

Miles 
113.6 

50.4 
124.3 

71.0 

43.2 

292.  3 

320.  6 

5.0 

20.7 

Per  cent 

44.4 

8.8 

9.8 

5.5 

1.7 

25.4 

15.3 

.3 

4.1 

MJlea 
91.9 
519.3 
469.  6 
i)96.  4 
402.  6 
102.5 
40fi.  4 
120.  8 
145.  5 

Per  cent 
35.  8 
90.9 
.36.9 
77.0 
15.7 

8.9 
19.4 

7.4 
29.1 

Miles 
1.9 
.1 
7.0 
1.4 
5.0 
1.8 
22.2 
5.7 
1.6 

Per  cent 

.8 

South  Atlantic 

East  North  Central.. 
West  North  Central  . 
East  South  Central--- 
West  South  Central.. 
Mountniu 

.5 
.1 
.2 
.2 
1.1 
.4 

Pacific 

.3 

Total 

6, 985.  8 

61.7 

1,041.1 

9.2 

3,  255.  0 

28.7 

46.7 

.4 

These  tables  give  evidence  of  the 
economy  that  has  been  exercised  in 
the  choice  of  types  of  construction. 
Almost  a  fifth  of  the  roads  built 
during  the  year  were  merely  graded 
and  drained  ;  three-fifths  were  of  the 
character  described  as  low  types.  As 
will  be  seen  from  Table  4  the  roads 
of  this  character  have  been  built  in 
those  sections  where  traffic  is  still 
comparatively  light ;  and  in  those  sec- 
tions they  are  regarded  as  merely  the 
first  stage  of  a  more  durable  improve- 
ment whicli  will  follow  as  the  traffic 
demands  require  it.  The  heavy  mile- 
age of  the  gravel  type  is  especially 
noteworthy.  This  type  has  been  found 
to  give  excellent  service  under  auto- 
mobile and  light  truck  traffic  to  a 
maximum  of  about  500  vehicles  a 
day,  and  it  has  the  further  advantage 
that  it  adds  greatly  to  the  life  of  any 
pavement  which  may  subsequently  be 
laid  upon  it.  As  suitable  gravel  is 
widely  distributed  in  nature  this  type 
can  be  built  at  a  very  reasonable  cost 
in  most  places. 

The  high-class  pavements  of  bitumi- 
nous concrete,  Portland  cement  con- 
crete, and  brick  are  shown  to  have 
been  constructed  mainly  in  the  Mid- 
dle Atlantic,  East  North  Central,  New 
England,  and  Pacific  States.  It  is 
only  in  these  States  that  the  traffic 
has  developed  to  the  point  where  such 
expensive  surfaces  are  generally  re- 
quired even  on  the  main  roads.  The 
small  mileage  of  waterbound  maca- 
dam constructed  is  due  to  the  fact 
that  this  type,  formerly  the  standard, 
is  not  suitable  for  motor  vehicle  traf- 
fic. In  practically  all  cases  the  roads 
of  this  type  which  have  been  con- 
structed  will  be  surface-treated  with 


bituminous  material  within  a  year  to 
protect  them  from  the  disintegrating 
action  of  the  pneumatic  tires  of  auto- 
mobiles. 

NEARLY    50    MILES    OF    BRIDGES    COM- 
PLETED 

It  is  especially  interesting  to  note 
that  the  bridges  completed  during  this 
fiscal  year  reach  the  impressive  total 
of  46.7  miles  in  length.  All  these 
bridges  are  more  than  20  feet  in  span 
and  many  of  them  cross  major 
streams.  More  than  a  hundred  miles 
of  such  structures  have  been  com- 
pleted with  Federal  aid  since  1917  and 
projects  have  been  approved  for  the 
construction  of  others  which  will  add 
another  50  miles  to  the  total  length. 

As  stated  in  the  last  annual  report, 
the  value  of  Federal  participation  in 
highway  construction  is  in  no  way 
better  exemplified  than  in  the  con- 
struction of  these  bridges.  In  many 
cases  the  bridges  are  built  at  points 
where  it  has  not  hitherto  been  pos.si- 
ble  to  construct  them  because  of  a 
lack  of  local  funds  for  the  purpose  or 
because  of  the  difficulty  of  obtaining 
joint  action  by  counties  and  States  in 
the  numerous  cases  in  which  the  struc- 
tures span  streams  which  form  the 
borders  of  counties  or  States. 

The  careful  study  of  lines  of  travel 
which  has  been  made  by  the  Si:ate 
and  Federal  authorities  has  developed 
clearly  the  points  at  which  such 
bridges  are  required  and  the  coordi- 
nating influence  of  the  Federal  Gov- 
ernment has  been  the  means  of  ob- 
taining action  toward  their  construc- 
tion. The  more  important  structures 
completed  during  the  year  are  listed 
in  Table  5. 
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Table  5. — Federal-aid  'bridges  completed  during  the  fiscal  year  1925  at  a  total 

cost  of  $15,000  or  more 


state 

Location  between  towns 

Stream 

Length 

Tuscaloosa  and  Northport _. 

Black  Warrior  River 

St.  Charles  River.. 

Gunnison  River 

Miles 
0.1 

Pueblo  and  Avondale     ... 

.  5 

Do 

Delta  and  Grand  Junction 

.4 

Florida 

Chattahoochee  and  Sneads.      ..  .      . 

A  palachi  cola  River . 

9 

Georgia  (interstate).-. 

Toecoa,  Ga.,  and  Westminster,  S.  C 

Wavcross  and  Blackshear 

.  1 

Satilla  River 

.9 

Spalding  and  Lewiston 

Clearwater  River 

Snake  River   . 

.  1 

Idaho  (interstate) 

Pavette,  Idaho,  and  Ontario,  Oreg 

East  of  Carlvle 

.04 

Kaskaskia  River.. 

.fi 

Do 

Momence  and  Kankakee.-         .             

Kankakee  River 

.  1 

Clav  City  and  Jasonville.- 

Eel  River 

.3 

At  Drurv 

Chickaskia  River 

o 

Jennings  and  Crowley 

Mermentau  River 

.0 

Mississippi 

West  of  Greenwood   .. .  . 

Yazoo  River.. 

Missouri  River _. 

.  1 

Boone ville  and  New  Franklin 

..■i 

Do 

Linn  and  Mount  Sterling 

Gasconade  River 

.1 

Canadian  River 

.4 

Wilmington  and  Southport 

Brunswick  River 

.1 

Oklahoma  . 

Fort  Smith  and  a  point  south  of  Wister.. . 
Gore  and  Vian..   ...  

Poteau   River  and   Caston 

Creek. 
(Illinois  River 

.  2 

Do. 

.1 

Do.. 

Blackwell  and  Kildare 

Chickaskia  River 

.  1 

Do 

El  Reno  and  Kingfisher.             .          .      . 

Canadian  River 

.  1 

Oregon 

Near  Winchester..          .  .      

North  Umpqua  River. 

Pacolet  River 

.2 

South  Carolina 

Spartanburg  and  Gaffney 

.  1 

South  Dakota 

Texas 

Mobridge  and  Mcintosh 

Austin  and  Bastrop.                       ... 

Missouri  River 

Colorado  River 

.4 

Washington - 

Olympia  and  Port  Angeles.  

llama  llama  River 

.  1 

Total 

6.94 

Among  the  more  important  struc- 
tures now  under  con.struction  are  the 
bridges  over  Raritan  Bay  near  Perth 
Amboy,  N.  J.,  and  two  bridges  over 
the  Missouri  River  in  Missouri.  The 
New  Jersey  structure,  which  is  80  per 
cent  complete,  stands  at  one  of  the 
principal  approaches  to  New  Yorlv 
City.  It  is  an  essential  link  in  the 
Federal-aid  highway  system  and  is 
especially  important  to  traffic  between 
the  coastal  section  of  the  State  and 
the  cities  of  Elizabeth.  Newark,  .Jer- 
sey C  ty,  and  New  York.  The  bridge 
with  its  approaches  is  1.6  miles  in 
length  and  will  cost,  according  to  the 
estimate,  approximately  -$J;,00(>,000,  of 
which  the  Federal  Government,  be- 
cause of  its  special  and  peculiar  inter- 
est, will  pay  approximately  one-third. 

The  special  importance  of  the  Mis- 
souri bridges  is  evident  at  a  glance  to 
anyone  who  will  examine  the  map  of 
the  State.  Extending  entirely  across 
the  State  in  an  easterly  and  westerly 
direction  this  great  stream  practically 
cuts  the  State  in  half.  To  establish 
highway  communicat.on  between 
these  sections  the  Federal-aid  pro- 
gram of  the  State  has  included  four 
major  bridges  of  which  two,  one  near 
Waverly  and  the  other  near  Boon- 
ville,  have  been  completed  during  this 
fiscal  year  and  two  are  now  under 
construction.  The  completed  bridges 
were  built  at  a  combined  cost  of  more 


than  a  million  dollars  with  Federal 
participation  to  the  extent  of  50  per 
cent.  Of  the  two  now  under  construc- 
tion, one  near  Lexington  will  cost 
alone  approximately  $1,300,000  and 
the  other  almost  $800,000.  The  Fed- 
eral participation  in  these  structures 
is  somewhat  less  than  half  the  esti- 
mated cost. 

As  the  fiscal  year  closes  we  are  en- 
deavoring to  reach  an  agreement  with 
the  States  of  Arkansas  and  Tennessee 
looking  to  the  construction  of  what 
will  be  one  of  the  most  imiwrtant 
bridges  in  the  country — that  across 
the  Mississippi  River  at  Memphis. 

FEDERAL  EXPENDITURES  LESS  THAN 
10  PER  CENT  OF  TOTAL 

The  total  cost  of  the  11,328.6  miles 
completed  during  the  fiscal  year  was 
$242,937,488.57.  The  Federal  share  of 
the  cost  was  $111,304,737.24.  These 
expenditures  were  made  over  the  pe- 
riod of  approximately  two  years  re- 
quired to  bring  the  projects  to  comple- 
tion. They  do  not  represent  the  an- 
nual expenditure  for  Federal-aid  con- 
struction. The  actual  disbursements 
of  the  Federal  funds  to  each  State 
during  the  year  are  given  in  Table 
6,  from  which  it  will  be  seen  that  the 
total- disbiu-sement  was  $95,749,998.11. 
These  disbursements  were  made  partly 
on    account   of   the  projects   reportetl 
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Table  6. — Federal-aid  disbursements  to  States,  fiscal  year  1925 


state 


Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut-. 

Delaware 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa-.- 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi-.. 

Missouri 

Montana 

Nebraska 

Nevada 


Federal-aid 
disbursement 


367,  059.  57 
759,  664.  64 
835, 978.  92 
346, 816.  24 
678,  505.  39 
903, 810. 44 
385,  737.  26 
201,  584. 13 
494,  796.  29 
885,  245.  73 

621. 054.  94 
184,  160.  40 
839, 907.  52 
917, 961.  09 

849. 055.  70 
243,  790.  76 
510,  283.  23 
621, 915.  84 
369,  630.  31 
609,  501.  49 
233,  220.  77 
171,  302.  47 
208,311.64 
142, 609.  02 
535, 989.  82 
900, 041.  06 


State 


New  Hampshire. 

New  Jersey 

New  Mexico 

New  York 

North  Carolina.. 
North  Dakota. -. 

Ohio—- 

Oklahoma- 

Oregon 

Pennsylvania 

Rhode  Island 

South  Carolina- - 

South  Dakota 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

West  Virginia 

Wisconsin , 

Wyoming 

Hawaii 


Federal-aid 
disbursement 


Total. 


$553, 
1, 889, 

2,  910, 
4,  813, 
2, 087, 

934, 
2, 652, 
2, 852, 
1, 091, 

3,  701, 
359, 

1,  220, 
1,  856, 
3, 079, 
5, 136, 
1,  554, 

563, 
1, 878, 
1, 101, 

680, 

1,  325, 

1,  728, 

10. 


913.  21 
720.  46 
090.  59 
177. 91 
591.  07 
328.  79 
957.  54 
978. 73 
482.  02 
190. 14 
281. 96 
841.20 
560.  86 
450. 10 
128.  59 
844.27 
080.  01 
842.  43 
796.  53 
038. 80 
077.  48 
033.  50 
657.  25 


95,  749, 998.  U 


as  completed  during  the  year  and 
partly  in  the  form  of  progress  pay- 
ments for  projects  still  under  con- 
struction. 

As  will  be  seen  from  Table  6,  the 
Federal  expenditure  this  year  closely 
approaches  an  annual  rate  of  $100,- 
000,000.  That  such  a  sum  does  not 
remotely  approach  the  point  of  ex- 
travagance is  indicated  by  the  fact 
that  it  is  not  more  than  10  per  cent 
of  the  whole  annual  expenditure  for 
highways  by  all  units  of  government. 

In  the  sparsely  settled  States  of  the 
West  the  Federal  participation  is  a 
vital  necessity  and  a  definite  obliga- 
tion. The  sections  of  the  Federal-aid 
system  in  these  States  partake  more 
of  the  character  of  interstate  or  na- 
tional roads  than  of  roads  for  local 
traffic.  The  mileage  to  be  improved 
is  so  great  that  without  the  Federal 
contribution  the  work  could  not  be 
done  in  a  generation ;  and  to  this 
reason  there  is  added  the  still  more 
compelling  one  that  is  involved  in  the 
ownership  of  vast  areas  of  lands  by 
the  United  States  which  are  not  tax- 
able by  the  States. 

But  the  necessity  for  Federal  par- 
ticipation in  highway  construction 
does  not  lie  alone  in  the  Far  West, 
nor  even  in  the  Middle  West  and 
South.  It  is  even  more  essential  that 
a  continuous  and  adequate  system  of 
highways  be  built  in  the  more  popu- 
lous sections  of  the  East.     There  is  a 


totally  erroneous  impression  that  the 
roads  in  the  Bast  have  generally  been 
built.  It  is  true  that  road  improve- 
ment was  begun  in  that  section  at  an 
early  date  and  many  miles  of  road 
were  built,  but  every  mile  of  the  origi- 
nal construction  is  being  rebuilt  to 
meet  the  requirements  of  the  greatly 
increased  traffic,  and  the  Federal 
funds  are  as  eagerly  used  in  this  sec- 
tion as  in  any  other. 

There  is  a  service  which  should  be 
rendered  to  the  people  of  these  States 
in  particular  which  can  not  be  ren- 
dered by  the  State  governments  acting 
separately  and  alone.  It  must  be  re- 
membered that  the  population  around 
the  borders  of  the  States  is  no  less 
dense  than  in  their  interiors.  Be- 
tween the  border  populations  of  con- 
tiguous States  there  is  a  commerce 
which  is  interstate  in  character, 
though  actually  local  in  range. 
Nevertheless  it  can  only  be  served  by 
the  unbroken  continuation  of  roads 
from  each  State  into  its  bordering 
States.  It  is  this  object,  now  being 
rapidly  accomplished  with  Federal  as- 
sistance, that  the  several  States  act- 
ing separately  and  alone  could  not 
have  accomplished.  And  the  Eastern 
States  have  benefited  to  a  marked 
degree  by  this  Federal  service  for  the 
very  reason  that  their  population  is 
dense  and  that  the  number  of  inter- 
state roads  is  great.  Especially  in 
these    States,    it   must   be   recognized, 
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that  the  influence  of  the  great  focal 
centers  of  population  can  not  be  ob- 
structed at  State  lines.  The  city  of 
Boston,  for  example,  is  the  hub  of 
New  Ens'land.  It  centers  the  trade 
and  traffic  of  the  whole  section  and 
the  highways  to  serve  this  traffic  must 
extend  through  many  States  in  un- 
broken continuity. 

The  expenditure  for  the  roads  com- 
pleted during  the  fiscal  year  is  ana- 
lyzed by  groups  of  States  in  Table  7. 
From  this  table  it  is  apparent  that 
the  Federal  funds  are  being  utilized 
to  practically  the  full  extent  permis- 


placed  under  construction  a  year  and 
a  half  or  two  years  ago,  the  Federal 
payments  per  mile  reflect  the  provi- 
sions of  the  law  then  prevailing.  An 
examination  of  the  work  now  under 
way  would  show  a  still  further  reduc- 
tion of  the  Federal  payments  per  mile. 
This  limitation  is  felt  most  keenly  in 
the  States  of  the  Northeast.  Because 
of  the  great  density  of  traffic  it  is  im- 
possible to  build  adequate  highways 
at  a  cost  which  can  be  shared  equally 
by  the  Federal  Government. 

With     the    exception    of    the    two 
groups    referred    to    above    and    the 


Table  7. — Analysis  of  expenditures  for  Federal-aid  roads  completed  in  fiscal 
year  1925  by  groups  of  States 


Group  of  States 

Total  cost  of 

completed 

Federal-aid 

roads,  fiscal 

year  1925 

Federal  aid  to 

completed 

roads,  fiscal 

year  1925 

Aver- 
age 

total 

cost 
per 

mile 

Aver- 
age 
Fed- 
eral 

aid  per 
mile 

Per- 
cent- 
age 
paid 
by 
Fed- 
eral 
Gov- 
ern- 
ment 

Pro- 
por- 
tion 
of 
grand 
total 
cost 

Pro- 
por- 
tion 

of 
grand 
total 

of 
Fed- 
eral 
aid 

Pro- 
por- 
tion 
of  area 

New  England 

Middle  Atlantic 

South  Atlantic 

East  North  Central.. 
West  North  Central.. 
East  South  Central... 
West  South  Central.. 
Mountain . 

$11,  244,  053.  57 
27, 187,  500.  97 
28,  748,  770.  43 
38,  834,  920.  75 
37,  722,  742.  38 
25,  949,  235.  84 
38, 160,  691.  51 
21,  797, 180.  90 
13,  292,  392.  22 

$4,311,674.09 
9, 142,  753.  40 
12,  752,  581.  46 
17,  924, 902.  51 
17,  546,  687.  06 

12,  374,  777.  65 
16, 365,  969.  28 

13,  999, 018.  39 
6, 886, 373.  40 

$43,  900 
47,600 
22,600 
30, 000 
14,700 
22,600 
18,  200 
13, 400 
26,500 

$16,  800 
16,000 
10,000 
13,  850 
6,850 
10,  750 
7,800 
8,600 
13,  750 

Per  cent 
38.4 
33.6 
44.5 
46.2 
46.5 
47.7 
43.0 
64.3 
51.8 

Per  cent 
4.6 
11.2 
11.8 
16.0 
15.5 
10.7 
15.7 
9.0 
5.5 

Per  cent 
3.9 
8.2 
11.5 
16.1 
15.7 
11.1 
14.7 
12.6 
6.2 

Per  cent 
2.1 
3.4 
9.1 
8.2 
17.2 
6.0 
14.4 
28.9 

Pacific. 

10.7 

Total 

242,937,488.57  1  111.304.737.24 

21, 400 

9,850 

45.9 

100.0 

100.0 

100.0 

sible  under  the  law  in  all  sections. 
The  New  England,  Middle  Atlantic, 
and  East  North  Central  States  are 
shown  by  this  table  to  have  spent  31.8 
per  cent  of  the  total  sum  expended 
for  roads  completed  during  the  year, 
and  to  have  received  28.2  per  cent  of 
the  Federal  aid  although  they  consti- 
tute only  13.7  per  cent  of  the  area  of 
the  United  States.  The  States  of  the 
Mountain  and  Pacific  groups  which 
include  39.6  per  cent  of  the  total 
land  area  received  only  18.8  per  cent 
of  the  Federal  aid  and  accounted  for 
only  14.5  per  cent  of  the  total  cost. 

FEDERAL   PARTICIPATION    LIMITED   BY 
LAW   IN    EASTERN   STATES 

The  lower  percentage  of  the  total 
cost  paid  by  the  Federal  Government 
in  the  New  England  and  Middle  At- 
lantic States  is  the  result  of  the  limita- 
tion placed  upon  the  Federal  expendi- 
ture per  mile  of  highway.  Originally 
$10,000  per  mile,  this  limitation  was 
increased  in  1919  to  $20,000  and  subse- 
quently reduced  to  $16,250  for  the 
fiscal  year  1923,  and  to  $15,000  per 
mile  thereafter.  As  most  of  the  roads 
completed  during  the  past  year  were 


Mountain  and  Pacific  groups,  the  Fed- 
eral participation  ranges  in  all  groups 
from  43  to  practically  48  per  cent  of 
the  total  cost,  the  average  for  the 
entire  country  being  approximately  46 
per  cent.  The  higher  proportion  paid 
in  the  States  of  the  far  West  is  made 
possible  by  the  provision  of  the  law 
which  recognizes  a  greater  Federal  re- 
sponsibility in  these  States  because  of 
the  large  holdings  of  public  land. 

Outstanding  among  the  projects 
which  have  been  made  possible  by 
this  provision  is  the  Wendover  Cut-off 
in  Utah,  completed  during  this  fiscal 
year.  This  road  extending  westward 
from  Salt  Lake  City  to  the  Nevada 
line  across  the  Great  Salt  Lake  Desert 
supplies  the  most  difficult  and  almost 
the  last  link  in  the  most  direct  high- 
way connection  between  the  east  and 
west  coasts.  Its  cost  was  $380,000,  of 
which  $284,000  was  paid  by  the  Fed- 
eral Government.  Since  it  passes 
through  a  section  of  the  State  of  Utah 
that  is  practically  uninhabited  it  is 
doubtful  whether  this  essential  inter- 
state link  ever  would  have  been  built 
but  for  the  Government  participation. 
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MOTOR-VEHICLE  TAXES  ALONE  SUFFI- 
CIENT TO  MATCH  FEDERAL  APPRO- 
PRIATIONS 

That  the  appropriation  of  Federal 
funds  on  the  basis  of  $75,000,000  a 
year  does  not  unduly  tax  the  resources 
of  any  of  the  States  is  clearly  indi- 
cated by  Table  S,  in  which  it  is  shown 
that  the  State  funds  required  to  match 
the  Federal  apportionment  of  a  $75,- 
000,000  appropriation  are  exceeded  by 
the  revenues  raised  by  taxation  of 
motor  vehicles  and  motor  fuel  in  all 
States  except  New  Mexico. 

Table  8. — Comparison  of  State  inotor- 
lyehicle  revemies  and,  funds  required 
to  match  Federal  appropriations 


State 


Alabama 

Arizona 

Arkansas 

California - 

Colorado 

Connecticut 

Delaware 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts... 

Michigan 

Minnesota 

Mississippi 

Missouri.. 

Montana 

Nebraska 

Nevada 

New  Hampshire. 

New  Jersej' 

New  Mexico 

New  York. ., 

North  Carolina.. 

North  Dakota 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Rhode  Island 

South  Carolina.. 
South  Dakota... 

Tennessee 

Texas 

Utah 

Vermont 

Virginia  _._ 

Washington 

West  Vir^'inia... 

Wisconsin 

Wyoming 

Hawaii 


Total 67,081,920 


State 
funds 
required 
to  match 
Federal 
appropria- 
tion of 
$75,000,000 


Gross  State 

income 
from  motor 

vehicle 
license  fees 
and  gaso- 
line taxes, 
calendar 
year  1924 


$1, 541,  870 

$3,  693,  462 

403, 800 

1, 070,  560 

1,  264, 164 

5,101,775 

1,  628, 000 

19, 004, 335 

1, 068. 000 

2,984,162 

474, 801 

6,  047, 864 

365,  625 

908,  746 

892,  878 

6,  077,  610 

1,  983, 089 

7, 059,  737 

628, 000 

1,852,564 

3, 191,  479 

11,546,206 

1, 938,  693 

9,  028,  038 

2,  070, 396 

8,979,170 

2,  074, 360 

4,  222,  930 

1,411,607 

4,894,317 

997,  262 

4, 125,  668 

685, 140 

2,455,811 

635,  783 

3,  921,  375 

1,090,118 

8, 122, 166 

2, 225,  227 

12,  404, 546 

2, 124, 151 

8,  591,  853 

1,  291,  960 

3, 173, 825 

2, 417,  727 

4,  525.  914 

1, 193, 000 

1,  395.  615 

1,581,969 

3,  597,  261 

132,  000 

344,  5G6 

365,  625 

2,110,031 

935, 082 

9,  278,  428 

690,  000 

616,  395 

3,  657,  096 

24,  089,  241 

1,  699, 168 

9,143,569 

1, 180,  699 

1,  259.  735 

2,  789, 588 

11.685,329 

1,415,000 

6,  712, 180 

710,  000 

7,  464, 848 

3,360,123 

31,196,917 

365,  625 

1.  623.  604 

1, 052, 549 

3,338,120 

965,  OOO 

3,  273,  592 

1, 622, 9S5 

4, 410, 105 

4, 415,  715 

14,  266,  766 

229, 000 

1, 170,  330 

365,  025 

1, 554.  242 

1,449,713 

7, 104,  744 

941, 000 

7,496,831 

797.  295 

4, 106,  531 

1,  873,  308 

6,  786,  485 

525,  000 

648,  983 

365,  625 

304, 467, 082 


That,  in  matching  the  Federal  ap- 
propriations, the  States  do  not  incur 
a  greater  expense  for  highway  im- 
provement is  indicated  by  the  fact 
that,  with  two  exceptions,  the  dis- 
bursements by  the  State  highway  de- 
partments during  the  calendar  year 
1924,  exceeded  the  amount  expended 
on  Federal-aid  roads,  as  shown  in 
Table  9. 

Table  9. — Approximate  disbursements 
hy  State  highway  departments  in 
excess  of  expenditures  for  Federal- 
aid  roads,  calendar  year  1924 


State 


Alabama 

Arizona 

Arkansas 

California 

Colprado 

Connecticut 

Delaware 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts... 

Michigan... 

Minnesota 

Mississippi 

•Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire- 
New  Jersey 

New  Mexico 

New  York 

North  Carolina.. 
North  Dakota... 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Rhode  Island 

South  Carolina.. 

South  Dakota 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

West  Virginia 

Wisconsin.- 

Wyoming 


Total. 


State  dis- 
bursements 
for  other 
than  Fed- 
eral-aid 
roads 


17, 


11, 


000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 


000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 

00b 


000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 


392,  272, 000 


MAINTENANCE    THE    PARAMOUNT 
CONSIDERATION 

As  previously  stated,  the  Federal 
participation  has  in  no  year  amounted 
to  more  than  10  per  cent  of  the  Na- 
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tion's  total  expenditure  for  highways, 
but  the  expenditure  of  these  funds 
under  joint  Federal  and  State  super- 
vision on  a  limited  system  of  major 
highways  is  rapidly  connecting  the 
States  and  larger  communities  within 
the  States  with  lines  of  highways 
that  are  adequately  built  and  prop- 
erly maintained. 

The  Federal  inspection  of  mainte- 
nance required  by  the  Federal  high- 
way act  has  been  of  immeasurable 
benefit  to  the  people  of  the  United 
States.  It  is,  if  possible,  more  impor- 
tant than  the  original  construction. 
Every  project  which  has  been  built 
in  part  with  Federal  funds  is  in- 
spected at  frequent  intervals  by  Fed- 
eral engineers.  Any  that  show  signs 
of  needed  repairs  are  called  to  the 
attention  of  the  State  authorities  by 
the  Fetleral  inspectors,  and  without 
exception  the  defects  have  been 
promptly  remedied.  This  is  the  great- 
est triumph  of  the  Federal-aid  policy. 
The  general  policy  of  local  authori- 
ties prior  to  the  transfer  of  control 
to  the  State  and  Federal  agencies  was 
to  use  practically  all  available  funds 
for  new  construction,  reserving  a 
totally  inadequate  amount  for  mainte- 
nance. Now,  the  proper  upkeep  of  the 
highways  is  made  the  paramount  con- 
sideration. 

SUMMARY       OF       FEDERAL-AID       ROAD 
WORK    BY    STATES 

The  construction  of  Federal-aid 
roads  has  now  been  carried  on  for 
nine  years.  It  may  therefore  be  de- 
sirable to  summarize  briefly  the  re- 
sults that  have  been  accomplished  in 
each  State  to  indicate  the  degree  to 
which  each  has  benefited  by  Federal 
participation. 

Alabama. — The  section  of  the  Federal- 
aid  highway  system  in  this  State  in- 
cludes 3,872  miles.  All  but  68  miles 
of  the  1,153.7  miles  of  Federal-aid 
road  completed  are  included  in  the 
system,  the  excluded  mileage  having 
been  constructed  prior  to  the  desig- 
nation of  the  system.  Of  the  com- 
pleted mileage  482.2  miles  was  added 
during  the  fiscal  year  1925.  At  the 
close  of  the  year  there  were  263  miles 
under  construction  and  25  miles  ap- 
proved but  not  yet  under  construc- 
tion. The  greater  part  of  the  mile- 
age completed  is  surfaced  with  gravel 
or  sand-clay,  there  being  651.1  miles 
of  the  former  type  and  315.9  miles  of 
the  latter.  There  are  also  3.2  miles  of 
earth  roads  graded  and  drained,  11.6 
miles  of  waterbound  macadam,  73.4 
miles    of    bituminous    macadam,    86.7 
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miles  of  bituminous  concrete,  and  9.6 
miles  of  Portland  cement  concrete. 
The  bridges  completed  have  a  com- 
bined length  of  2.2  miles. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiiscal  year  \vas 
.'r8,946.220.  of  which  the  Federal  share 
was  $4,405,980.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $2,367,059. 

Arizona. — Arizona's  section  of  the 
Federal-aid  highway  system  includes 
1,498  miles.  The  mileage  of  Federal- 
aid  roads  completed  in  the  State  up 
to  the  close  of  the  last  fiscal  year  was 
670.5,  all  but  56  miles  of  which  is  in- 
cluded in  the  Federal-aid  system.  Of 
the  completed  mileage  132.8  miles  was 
added  during  the  last  fiscal  year.  At 
the  close  of  the  year  there  were  also 
101  miles  under  construction  and  33 
miles  approved  but  not  yet  under  con- 
struction. The  greater  part  of  the 
completed  system  consists  of  139.8 
miles  of  graded  and  drained  earth 
roads  and  342.5  miles  of  gravel  roads. 
In  addition  there  were  55.9  miles  of 
sand-clay,  14.2  miles  of  waterbound 
macadam,  16.5  miles  of  bituminous 
concrete  and  99.4  miles  of  Portland 
cement  concrete.  The  bridges  com- 
pleted have  a  combined  length  of  2.2 
miles. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was 
$1,685,978,  of  which  the  Federal  Gov- 
ernment paid  $999,603.  The  actual 
disbursement  of  Federal  funds  to  the 
State   during   the   year   was   $759,664. 

Arkansas. — The  Federal-aid  highway 
system  in  this  State  includes  5,007.03 
miles.  All  but  55  miles  of  the  1,136.9 
miles  of  Federal-aid  roads  completed 
up  to  the  close  of  the  year  are  includ- 
ed in  this  system,  the  excluded  mile- 
age having  been  constructed  prior  to 
the  designation  of  the  system.  Of 
the  completed  mileage  188  miles  was 
added  during  the  fiscal  year  1925. 
At  the  close  of  the  year  there  were 
299  miles  under  construction  and  43 
miles  approved  but  not  yet  under  con- 
struction. Of  the  1,136.9  miles  of 
roads  completed  up  to  the  close  of 
the  year  727.3  miles  were  surfaced 
with  gravel,  3.1  miles  with  sand-clay, 
40.3  miles  with  waterbound  macadam, 
61.1  miles  with  bituminous  macadam. 
243.4  miles  with  bituminous  concrete 
and  60.4  miles  with  Portland  cement 
concrete,  the  balance  of  the  completed 
mileage  consisting  of  a  total  of  1.3 
miles  of  bridges. 

The  total  cost  of  the  roads  com- 
pleted during  the  year  was  $4,713,282, 
of  which  the  Federal  Government  paid 
$1,766,874.      The   actual   disbursement 


10        ANNUAL  EEPORTS   OF    TIIE    DEPARTMENT    OF    AGRICULTURE 


of  Federal  funds  to  the  State  during 
the  year  was  $1,835,979. 

California. — The  California  section  of 
the  Federal-aid  highway  system  in- 
cludes 4,467.6  miles.  The  total  mile- 
age of  Federal-aid  roads  completed  up 
to  the  close  of  the  fiscal  year  1925  was 
946.9  miles,  of  which  152  miles  built 
prior  to  the  designation  of  the  Fed- 
eral-aid system  are  not  included  in 
the  system.  Of  the  completed  mile- 
age 265.5  miles  was  added  during  the 
fiscal  year  1925.  At  the  close  of  the 
year  there  were  under  construction 
178  miles,  and  approved  but  not  yet 
placed  under  construction  36  miies. 
The  greater  part  of  the  completed 
mileage  was  surfaced  with  Portland 
cement  concrete  and  gravel.  Of  the 
former  type  there  are  359.6  miles  and 
of  the  latter  209.8  miles.  In  addition 
there  are  252.5  miles  of  earth  roads 
graded  and  drained,  18.1  miles  of 
waterbound  macadam,  55.5  miles  of 
bituminous  macadam,  49.6  miles  of 
bituminous  concrete,  and  bridges  with 
an  aggregate  length  of  1.8  miles. 

The  total  cost  of  the  roads  com- 
pleted during  the  year  was  $7,378,440, 
of  which  the  Federal  share  was 
$3,945,529.  The  actual  disbursement 
of  Federal  funds  to  the  State  during 
the  year  was  $3,346,816. 

Colorado. — The  Federal-aid  highway 
system  in  Colorado  includes  3,332 
miles.  Of  this  mileage  there  had  been 
completed  with  Federal  aid  up  to  the 
close  of  the  last  fiscal  year  712.5 
miles  and  other  Federal-aid  roads 
completed  but  not  included  in  the 
system  have  a  length  of  8.9  miles. 
Of  the  completed  mileage  134.2  miles 
was  added  during  the  fiscal  year  1925. 
At  the  close  of  the  year  there  were 
97  miles  under  construction  and  53 
miles  approved  but  not  yet  placed 
under  construction.  The  greater  part 
of  the  completed  mileage  is  surfaced 
with  gravel  and  Portland  cement  con- 
crete. Of  these  types  there  are  296.6 
miles  of  the  former  and  164  miles  of 
the  latter.  In  addition,  the  completed 
roads  include  171.4  miles  of  graded 
and  drained  earth  roads,  75.8  miles 
of  sand-clay,  and  1  mile  of  bitumi- 
nous concrete,  and  the  bridges  com- 
pleted have  an  aggregate  length  of 
3.7  miles. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was  $3,- 
678,153.  of  which  the  Federal  Govern- 
ment paid  $1,960,296.  The  actual  dis- 
bursement of  Federal  funds  to  the 
State  during  the  year  was  $1,678,505. 

Connecticut. — The  section  of  the  Fed- 
eral-aid highway  system  in  this  State 
includes  835.43  miles.    Of  this  mileage 


118.4  miles  had  been  completed  up 
to  the  close  of  the  fiscal  year  with 
Federal  aid  and  no  Federal-aid  roads 
had  been  built  which  were  not  in- 
cluded in  the  s.vstem.  The  roads  com- 
pleted dui'ing  the  last  fiscal  year 
amount  to  36.6  miles  and  there  were 
under  construction  at  the  close  of  the 
year  14  miles  additional,  besides  which 
there  were  6.2  miles  approved  but 
not  yet  under  construction.  The  com- 
pleted mileage  includes  82.6  miles  of 
Portland  cement  concrete,  27  miles 
of  bituminous  macadam  and  8.8  miles 
of   waterbound   macadam. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was 
$2,170,514,  of  which  the  Federal  Gov- 
ernment paid  $703,795.  The  actual 
disbursement  of  Federal  funds  to  the 
State  during  the  year  was  $903,810. 

Delaware. — The  Federal-aid  highway 
system  of  Delaware  includes  335.43 
miles.  This  is  one  of  the  States  in 
which  the  original  7  per  cent  system 
has  been  completed  and  additions  have 
been  authorized.  A  considerable  part 
of  the  system  has  been  built  by  the 
State  without  Federal  aid,  but  up  to 
the  close  of  the  fiscal  year  there  had 
been  completed  with  Federal  partici- 
pation 115.7  miles,  all  of  which  is  in- 
cluded in  the  Federal-aid  system.  Of 
this  completed  mileage  31.4  miles  was 
built  during  the  last  year  and  at  the 
close  of  the  year  there  were  under 
construction  an  additional  4  miles, 
and  approved  but  not  yet  under  con- 
struction 19  miles  more.  With  the 
exception  of  6.2  miles  surfaced  with 
brick  and  0.2  mile  which  consists  of  a 
bridge,  all  the  Federal-aid  roads  com- 
pleted in  this  State  have  been  surfaced 
with  Portland  cement  concrete,  there 
being  109.3  miles  of  this  type. 

The  t<ital  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was 
$1,169,291,  of  which  the  Federal  Gov- 
ernment paid  $465,084.  The  actual 
disbursement  of  Federal  funds  to  the 
State  during  the  year  was  $385,737. 

Florida. — The  section  of  the  Federal- 
aid  highway  system  in  this  State  in- 
cludes 1.901  miles.  All  but  22  miles 
of  the  212.8  miles  completed  are  in- 
cluded in  the  system,  the  excluded 
mileage  having  been  constructed  prior 
to  the  designation  of  the  system.  Of 
the  completed  mileage  100.2  miles  was 
added  during  the  fiscal  year  1925  and 
in  addition  there  were  under  con- 
struction at  the  close  of  the  year  135 
miles,  and  approved  but  not  yet  under 
construction  a  bridge  with  a  length  of 
0.1  mile.  The  completed  roads  consist 
of  20  miles  of  graded  and  drained 
earth,    34.1    miles    of    sand-clay,    64.8 
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miles  of  bituminous  macadam,  12. S 
miles  of  bituminous  concrete,  70.7 
miles  of  Portland  cement  concrete, 
10.1  miles  of  brick,  in  addition  to 
which  there  are  bridges  with  a  total 
lenjith  of  0.3  mile. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was 
$3,328,705,  of  which  the  Federal  share 
was  ,$1,627,053.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $1,201,584. 

Georgia. — The  Georgia  section  of  the 
Federal-aid  highway  system  includes 
5,557.9  miles.  The  Federal-aid  roads 
completed  up  to  the  close  of  the  fiscal 
year  1925  have  a  total  length  of 
1,652.8  miles,  but  105  miles  included 
in  this  total  were  built  prior  to  the 
designation  of  the  Federal-aid  system 
and  are  not  included  in  it.  Three 
hundred  and  twent.v-six  miles  were 
completed  during  the  last  fiscal  year 
and  at  the  close  of  the  year  566  miles 
were  under  construction  and  35  miles 
were  approved  for  construction.  The 
greater  part  of  the  completed  mileage 
is  surfaced  with  sand-clay,  there  being 

1.055.5  miles  of  this  type.  Of  other 
roads  completed  there  are  73.6  miles 
of  graded  and  drained  earth,  286.2 
miles  of  gravel,  27.4  miles  of  water- 
bound  macadam.  69.1  miles  of  bitumi- 
nous macadam,  11.6  miles  of  bitumi- 
nous concrete,  109.9  miles  of  Portland 
cement  concrete  and  0.5  mile  of  brick. 
Bridge  construction  in  this  State  has 
been  carried  on  to  a  greater  extent 
than  in  any  other  with  the  exception 
of  Texas,  the  completed  bridges  hav- 
ing a  total  length  of  19  miles. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was  $4,- 
306,914.  of  wh'ch  $2,118,847  was  paid 
by  the  Federal  Government.  The  ac- 
tual disbursement  of  Federal  funds  to 
the  State  during  the  year  was  $2.- 
494,796. 

Idaho. — Idaho's  section  of  the  Fed- 
eral-aid    highway     system     includes 

2.768.6  miles.  The  Federal-aid  roads 
completed  up  to  the  close  of  the  year 
have  a  total  length  of  639.9  miles,  and 
only  24  miles  of  th  s  total  are  not  on 
the  Federal-aid  system.  The  mileage 
completed  during  the  year  M^as  113.1 
miles.  At  the  close  of  the  year  there 
were  under  construction  115  miles  and 
approved  for  construction  37  miles. 
In  this  State,  where  traffic  is  rela- 
tively light,  the  greater  part  of  the 
completed  mileage  consists  of  roads 
surfaced  with  gravel,  there  being  402. S 
miles  of  this  type.  In  addition,  there 
are  158.6  miles  of  graded  and  drained 
e'rth   roads,   IS.S   miles   of   sand-clay, 


4.3  miles  of  waterbound  macadam,  33 
miles  of  bituminous  concrete,  and  21.3 
miles  of  Portland  cement  concrete. 
Bridges  completed  up  to  the  close  of 
the  fiscal  year  have  a  total  length 
of  1.1  miles. 

The  total  cost  of  the  roads  completed 
during  the  fiscal  year  was  $1,287,097, 
of  which  the  Federal  Government  paid 
$771,199.  The  actual  disbursement  of 
Federal  funds  to  the  State  during 
the  year,  however,  was  $885,245. 

Illinois.— The  Federal-aid  highway 
system  of  Illinois  includes  5,002.2 
miles.  The  sections  of  the  system 
completed  up  to  the  close  of  the  fiscal 
year  with  Federal  aid  have  a  total 
length  of  1,284.7  miles,  and  no  Fed- 
eral-aid roads  have  been  built  which 
are  not  on  the  system.  Of  this  com- 
pleted mileage  370.5  miles  was  added 
during  the  fiscal  year  1925.  At  the 
close  of  the  year  there  were  222  miles 
xinder  construction  and  17  miles  ap- 
proved for  construction.  Nearly  the 
entire  completed  mileage  is  surfaced 
with  Portland  cement  concrete,  there 
being  1,114.8  miles  of  this  type.  In 
addition  there  are  138.1  miles  of 
graded  and  drained  earth  roads,  0.4 
mile  of  gravel,  3.3  miles  of  bituminous 
macadam,  8.1  miles  of  bituminous 
concrete,  and  18.6  miles  surfaced  with 
brick.  Bridges  completed  in  the  State 
have  a  total  length  of  1.4  miles. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was  $10,- 
931,911,  of  which  the  Federal  Gov- 
ernment paid  $5,285,725.  The  actual 
disbursement  of  Federal  funds  to  the 
State  during  the  year  was  $3,621,054. 

Indiana. — The  Indiana  section  of  the 
Federal-aid  highway  system  includes 
4,679  miles.  With  the  exception  of 
2.5  miles  the  Federal-aid  roads  com- 
pleted up  to  the  close  of  the  fiscal 
year  1925,  of  which  there  are  530 
miles,  are  included  in  the  system. 
The  roads  completed  during  the  fi.scal 
year  have  a  total  length  of  266.8 
miles  and  at  the  close  of  the  year 
there  were  325  miles  under  construc- 
tion and  23  miles  approved  but  not 
yet  under  construction.  In  this  State, 
as  in  the  neighboring  State  of  Illinois, 
the  greater  part  of  the  completed 
mileage  is  surfaced  with  Portland 
cement  concrete.  There  are  445  miles 
of  this  type,  in  addition  to  19.8  miles 
of  graded  and  drained  earth,  27.1 
miles  of  gravel.  7.5  miles  of  water- 
bound  macadam,  17  miles  of  "bitumi- 
nous macadam,  and  12  miles  of  bi- 
tuminous concrete.  Bridges  completed 
up  to  the  close  of  the  year  have  a 
total  length  of  1.6  miles. 
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The  total  cost  of  the  roads  com- 
lileted  duriiif?  the  fiscal  year  was 
.$8,312,508,  of  AYhioh  the  Federal  Gov- 
ernment paid  .1^4,027.473.  The  actual 
disbursement  of  Federal  fund.s  to  the 
State  during  the  year  was  $4,184,160. 

Iowa. — The  Iowa  section  of  the  Fed- 
eral-aid highway  system  includes 
7.231  miles.  AH  Federal-aid  roads 
completed  up  to  the  close  of  the  fis- 
cal year,  of  which  there  are  2,038.2 
miles,  are  included  in  the  system.  The 
mileage  completed  during  the  fiscal 
year  was  349.6  Qiiles.  At  the  close 
of  the  year  there  were  393  miles  addi- 
tional under  construction,  and  90  miles 
approved  for  construction.  The  great- 
er part  of  the  mileage  completed  in 
this  State  consists  of  graded  and 
drained  earth  roads,  there  being 
1.251.6  miles  of  this  type  which  have 
been  built  as  the  first  stage  of  an  im- 
provement which,  as  funds  become 
available,  will  be  completed  by  sur- 
facing. In  addition  to  the  graded 
roads,  there  are  389.4  miles  surfaced 
with  gravel,  375  miles  paved  with 
Portland  cement  concrete  and  22  miles 
with  brick.  Bridges  completed  up  to 
the  close  of  the  fiscal  year  have  a 
total  length  of  0.2  mile. 

The  total  cost  of  the  roads  com- 
pleted during  the  year  was  $4,209,- 
963.  of  which  the  Federal  Govern- 
ment paid  $1,939,561.  The  actual  dis- 
bursement of  Federal  funds  to  the 
State  during  the  year  was  $1,839,907. 

Kansas. — The  Kansas  section  of  the 
Federal-aid  highway  system  includes 
7.516  miles.  All  Federal-aid  roads 
completed  up  to  the  close  of  the  year, 
of  which  there  were  994.5  miles,  are 
included  in  the  system.  Of  this  com- 
pleted mileage  337  miles  was  addetl 
during  the  fiscal  year  1925.  At  the 
close  of  the  year  there  were  437  miles 
iinder  construction  and  13  miles  ap- 
proved for  construction.  Of  the  mile- 
age completed  up  to  the  close  of  the 
year  there  were  181.6  miles  of  graded 
and  drained  earth  roads,  88  miles  of 
.sand-cla.v.  125.2  miles  of  gravel,  4.5 
miles  of  waterbound  macadam,  56.5 
miles  of  bituminous  macadam,  431.4 
miles  of  Portland  cement  concrete, 
105.6  miles  of  brick,  and  the  bridges 
completed  have  a  total  length  of  1.7 
miles. 

The  total  cost  of  the  roads  complet- 
ed during  the  fi.scal  year  was  $8,265.- 
215.  of  which  the  Federal  share  was 
$3,593,4-98.  The  actual  disbursement 
of  Federal  funds  to  the  State  during 
the  year  was  $2,917,961. 

Kentucky. — Kentucky's  section  of  the 
Federal-aid  highway  system  includes 
3,639.95    miles,    of    which,    up    to    the 


close  of  the  fiscal  year  1925,  598.6 
miles  had  been  completed  with  Fed- 
eral aid.     Of  this  completed  mileage 

145.7  miles  was  added  during  the  fiscal 
year  1925.  At  the  close  of  the  year 
there  were  285  miles  luider  construc- 
tion and  40  miles  approved  for  con- 
struction. Tlie  roads  completed  in- 
clude 335.8  miles  of  graded  and 
drained  earth,  69.2  miles  of  gravel, 
41.1    miles    of    waterbound    macadam, 

105.8  miles  of  bituminous  macadam, 
42  miles  of  Portland  cement  concrete, 
and  3.9  miles  of  brick.  Bridges  com- 
pleted up  to  the  close  of  the  fiscal 
year  have  a  total  length  of  0.8  mile. 

The  total  cost  of  the  roads  com- 
pleted during  the  year  was  $4,159,571, 
of  which  .  the  Federal  share  is 
$1,662,848.  The  actual  disbursement 
of  Federal  funds  to  the  State  during 
the  year  was  $1,849,055. 

Louisiana. — Tliere  are  2J71  miles  in 
Louisiana  s  ;?eetion  ol  the  Federal-aid 
highway  system.  The  Federal  -  aid 
roads  completed  up  to  the  close  of  the 
fiscal  year  1925  have  a  total  length  of 
1,025.5  miles,  of  which  all  but  103 
miles  completed  prior  to  the  designa- 
tion of  the  Federal-aid  system,  are  in- 
cluded in  the  system.  Of  the  com- 
pleted mileage  324.4  miles  was  added 
during  the  last  fiscal  year.  At  the 
close  of  the  year  there  were  72  miles 
under  construction  and  3  miles  ap- 
proved for  construction.  The  greater 
part  of  the  mileage  completed  is  sur- 
faced with  gravel,  there  being  996.2 
miles  of  this  type.  In  addition,  the 
completed  mileage  includes  7.4  miles 
of  graded  and  drained  earth,  3.2  miles 
of  waterbound  macadam,  9.5  miles  of 
bituminous  macadam,  and  7.6  miles  of 
bituminous  concrete,  and  the  bridges 
completed  have  a  total  length  of  1.6 
miles. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was 
$4,538,345,  of  which  the  Federal  share 
was  $2,195,490.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $1,243,790. 

Maine. — The  section  of  the  Federal- 
aid  highway  system  in  Maine  includes 
1.393.46  miles.  All  Federal-aid  roads 
completed  up  to  the  close  of  the  last 
fiscal  year,  of  which  there  were  288 
miles,  are  included  in  the  s.vstem. 
Fifty-one  miles  were  added  to  the  sys- 
tem during  the  last  fiscal  year  and  at 
the  clo.se  of  the  year  there  were  35 
miles  under  construction.  The  greater 
part  of  the  mileage  completed  was 
surfaced  with  gravel  and  bituminous 
macadam,  there  being  120.5  miles  of 
the  former  type  and  128  miles  of  the 
latter.     In    addition    to    these    roads 
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there  were  only  39.3  miles  surfaced 
with  Portland  cement  concrete.  The 
bridges  completed  up  to  the  close  of 
the  year  have  a  total  length  of  0.2 
mile. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was 
$1,330,369,  of  whicli  the  Federal  share 
was  $041,229.  The  actual  disburse- 
ment of  Federal  funds  to  tlie  State 
during  the  year  was  $510,283. 

Maryland. — The  Maryland  section  of 
the  Federal-aid  highway  system  in- 
cludes 1,417.48  miles.  The  Federal- 
aid  roads  completed  in  the  State  up 
to  the  close  of  the  fiscal  year  have  a 
total  length  of  320  miles,  of  which, 
however.  63.4  miles  completed  prior 
to  the  designation  of  the  Federal-aid 
highway  system  is  not  included  in 
the  system.  Of  the  completed  Fed- 
eral-aid mileage  67.3  miles  was  added 
during  the  fiscal  year  1925.  At  the 
close  of  the  year  there  were  under 
construction  31  miles  and  approved 
for  construction  85  miles.  The  gxeater 
part  of  the  mileage  completed  up  to 
the  close  of  the  fiscal  year  was  paved 
with  Portland  cement  concrete,  there 
being  230.7  miles  of  this  type,  besides 
which  there  are  3.8  miles  of  graded 
and  drained  earth  roads.  31.5  miles 
surfaced  with  gravel,  0.1  mile  of 
waterbound  macadam,  41.6  miles  of 
bituminous  macadam,  and  12.3  miles 
of  bituminous  concrete. 

The  total  cost  of  the  roads  com- 
pleted during  the  fi.scal  year  was 
$1,937,750,  of  which  the  Federal  share 
was  $878,368.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $621,915. 

Massachusetts. — The  Federal-aid  higli- 
M'ay  system  in  Massachiisetts  includes 
1,3  >8  miles.  All  but  23  miles  of  the 
328. 1  miles  of  Federal-aid  roads  com- 
plett  i  up  to  the  close  of  the  last 
fi.scal  year  are  included  in  the  system. 
Duriu  •  the  last  fiscal  year  the  mileage 
complt  ed  was  74.5  miles.  In  addi- 
tion, th  re  were  under  construction  at 
the  clos  -  of  the  year  56  miles  and 
approved  for  construction  11  miles. 
The  comi^  eted  roads  consist  of  184.4 
miles  of  L  'tuminous  macadam.  109.7 
miles  of  1  ortland  cement  concrete, 
30.2  miles  oi  bituminous  concrete,  and 
3.3  miles  oi  waterbound  macadam, 
and  the  bricges  completed  have  a 
total  length  of  1.3  miles. 

The  total  co.^-t  of  the  roads  com- 
pleted during  che  fiscal  year  was 
$4,280,919,  of  whi-h  the  Federal  share 
w-as  $1,474,831.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $1,369,630. 


Michigan. — The  Michigan  section  of 
the  Federal-aid  highway  system  in- 
cludes 4,768  miles.  In  this  State  there 
had  been  completed  up  to  the  close  of 
the  last  fiscal  year  861.7  miles  of 
Federal-aid  roads,  all  but  19  miles  of 
which  is  included  in  the  Federal-aid 
system.  Of  the  completed  mileage 
287.8  miles  was  added  during  the  last 
fiscal  year.  At  the  close  of  the  year 
there  were  226  miles  under  construc- 
tion. The  greater  part  of  the  com- 
pleted mileage  is  surfaced  with  Port- 
land cement  concrete  and  gravel,  there 
being  of  the  former  type  415.8  miles 
and  of  the  latter  319.8  miles.  In  addi- 
tion, there  are  25.7  miles  of  graded 
and  drained  earth  roads,  18.9  miles 
of  waterbound  macadam,  5  miles  of 
liituminous  macadam,  76.1  miles  of 
bituminous  concrete,  and  0.4  mile  of 
brick. 

The  total  cost  of  the  roads  complet- 
ed during  the  fiscal  year  was  $7,104,- 
249,  of  which  the  Federal  share  was 
$3,321,499.  The  actual  disbursement 
of  Federal  funds  to  the  State  during 
the  year  was  $3,609,501. 

Minnesota.— The  Federal-aid  highway 
system  in  Minnesota  includes  6,849.6 
miles.  The  Federal-aid  roads  com- 
pleted up  to  the  close  of  the  fiscal 
year  have  a  total  length  of  2,721.2 
miles,  all  of  which,  with  the  excep- 
tion of  192  miles  completed  prior  to 
the  designation  of  the  system,  are  in- 
cluded in  the  Federal-aid  highway 
system.  Of  the  mileage  completed. 
411  miles  was  added  during  the  last 
fiscal  year  and  at  the  close  of  the 
year  there  were  684  miles  under  con- 
struction and  146  miles  approved  for 
construction.  The  mileage  completed 
in  this  State  is  greater  than  in  any 
State  with  the  exception  of  Texas, 
and  the  greater  part  of  it  is  surfaced 
with  gravel,  there  being  1,970.7  miles 
of  this  type.  There  are  also  466.1 
miles  of  graded  and  drained  earth 
roads,  22.1  miles  of  bituminous  con- 
crete and  261.9  miles  of  Portland  ce- 
ment concrete.  Bridges  completed  up 
to  the  close  of  the  fiscal  year  have  a 
total  length'  of  0.4  mile. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was 
$6,424,894,  of  which  the  Federal  share 
was  $2,848,805.  The  actual  disburse- 
ment for  Federal  funds  to  the  State 
during  the  year  was  $3,233,220. 

Mississippi. — The  section  of  the  Fed- 
eral-aid highway  system  in  Mississippi 
includes  3,329  miles.  Of  the  872.5 
miles  of  Federal-aid  roads  completed 
up  to  the  close  of  the  fiscal  year 
108  miles  are  not  included  in  the  sys- 
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tern.  These  roads  were  projected  and 
built  prior  to  the  designation  of  tlie 
system  in  1921.  Of  the  total  com- 
pleted mileage  217.5  miles  was  added 
during  the  last  year.  At  the  close 
of  the  year  422  miles  additional  were 
under  construction  and  42  miles  were 
approved  for  construction.  The  great- 
er part  of  the  mileage  completed  was 
surfaced  with  gravel,  there  being  569.1 
miles  of  this  type.  The  balance  of 
the  completed  mileage  consists  of  181.7 
miles  of  graded  and  drained  earth 
roads,  17.6  miles  of  sand-clay,  11.1 
miles  of  waterbound  macadam,  1  mile 
of  bituminous  macadam,  9.2  miles  of 
bituminous  concrete,  73.4  miles  of 
I'ortland  cement  concrete  and  9.2 
miles  paved  with  brick.  Bridges  com- 
pleted in  the  State  up  to  the  close  of 
the  fiscal  year  have  a  total  length  of 
0.2  mile. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was  $3,- 
487,896,  of  which  the  Federal  share 
was  $1,701,759.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $2,171,302. 

Missouri. — The  Federal-aid  highway  i 
system  in  Missouri  includes  7,530 
miles,  and.  with  the  exception  of  32 
miles  completed  prior  to  the  desig- 
nation of  the  system,  the  entire  mile- 
age of  Federal-aid  roads  completed 
up  to  the  close  of  the  fi.scal  year, 
amounting  to  1,349.6  miles,  is  included 
in  the  system.  Of  the  completed  mile- 
age 443.5  miles  was  added  during  the 
last  fiscal  year.  At  the  close  of  the 
year  there  were  under  construction 
638  miles  and  approved  for  construc- 
tion 18  miles.  The  completed  roads 
are  mainly  of  three  types,  the  great- 
est mileage  being  surfaced  with 
gravel,  of  which  there  are  708  miles. 
In  addition  there  are  300.1  miles  of 
graded  and  drained  earth  roads,  252.3 
miles  of  Portland  cement  concrete,  13.4 
miles  of  waterbound  macadam,  48.9 
miles  of  bituminous  macadam,  17.7 
miles  of  bituminous  concrete,  and  6.2 
miles  of  brick.  The  bridges  completed 
with  Federal  aid  have  a  total  length 
of  3  miles. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was  $9,- 
808,732.  of  which  the  Federal  share 
was  $4,780,497.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $4,208,311. 

Montana. — The  Montana  section  of  the 
Federal-aid  highway  system  includes 
4,366  miles.  The  Federal-aid  roads 
completed  up  to  the  close  of  the  fiscal 
year  have  a  total  length  of  937.7 
miles,  but  193  miles  constructed  prior 
to  the  designation  of  the  system  are 


not  included  in.it.  Of  the  completed 
mileage  132  miles  was  built  during  the 
last  fiscal  year  and  at  the  close  of  the 
year  there  wei'e  'under  construction 
167  miles  and  approved  for  construc- 
tion 117  miles.  The  larger  part  of  the 
completed  mileage  is  surfaced  with 
gravel,  there  being  664.9  miles  of  this 
type.  There  are  also  215.8  miles  of 
graded  and  drained  earth  roads,  16 
miles  of  waterbound  macadam,  6.9 
miles  of  bituminous  macadam.  0.9  mile 
of  bituminous  concrete,  and  31.3  miles 
of  Portland  cement  concrete.  The 
bridges  completed  have  a  total  length 
of  1.9  miles. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was  $1,- 
462.935,  of  which  the  Federal  share 
was  $1,024,548.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $1,142,609. 

Nebraska. — The  Nebraska  section  of 
the  Federal-aid  highway  system  in- 
cludes 5,489  miles.  All  but  19.3  miles 
of  the  1.874.7  miles  of  Federal-aid 
roads  completed  vtp  to  the  close  of 
the  fiscal  year  are  included  in  the 
system.  Of  the  total  mileage  com- 
pleted 155.8  miles  was  completed  dur- 
ing the  last  fiscal  year  and  at  the 
close  of  the  year  there  were  545  miles 
under  construction  and  43  miles  ap- 
proved for  construction.  The  com- 
pleted mileage  includes  1,454.1  miles 
of  graded  and  drained  earth  roads, 
141.5  miles  of  .sand-clay,  217.1  miles 
of  gravel,  9.4  miles  of  bituminous 
concrete,  37.4  miles  of  Portland  ce- 
ment concrete,  and  14.3  miles  paved 
with  brick.  The  bridges  completed 
up  to  the  close  of  the  year  have  a 
total  length  of  0.9  mile. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was 
$2,656,656,  of  which  the  Federal  share 
was  $1,276,615.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $1,535,989. 

Nevada.- — The  Nevada  section  of  the 
Federal-aid  highway  system  includes 
1,434  miles.  The  roads  completed 
with  Federal  aid  up  to  the  close  of 
the  fiscal  year  have  a  total  length  of 
427.8  miles,  and  with  the  exception  of 
25  miles  constructed  prior  to  the 
designation  of  the  system  this  entire 
mileage  is  included  in  it.  The  mile- 
age completed  during  the  last  fiscal 
year  amounts  to  145.3  miles,  and  at 
the  close  of  the  year  there  were  under 
construction  379  miles  and  approved 
for  construction  17  miles.  The  com- 
pleted mileage  includes  265.4  miles  of 
gravel,  73.5  miles  of  graded  and 
drained  earth  roads,  24.9  miles  of  sand- 
clay,   20.6   miles   of   bituminous   mac- 
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aclam,  1.6  miles  of  bituminous  con- 
crete, and  40.4  miles  of  Portland  ce- 
ment concrete.  Bridges  built  up  to 
the  close  of  the  fiscal  year  have  a 
total  length  of  1.4  miles.  , 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was 
$2,087,851,  of  which  the  Federal  share 
was  $1,700,958.  The  actual  disburse- 
ment of  Federal  funds  to  the  State; 
during  the  year  was  $1,900,041. 

New  Hampshire. — The  Federal-aid 
highway  system  in  New  Hampshire 
includes  977.39  miles.  The  roads  com- 
pleted with  Federal  aid  up  to  the 
close  of  the  fiscal  year  have  a  total 
length  of  215  miles,  of  which  all  but 
17  miles  is  included  in  the  Federal- 
aid  system.  The  mileage  completed 
during  the  last  fiscal  year  amounts  to 
38.8  miles.  At  the  close  of  the  year 
there  were  under  construction  22 
miles  additional  and  approved  for 
construction  6  miles.  The  completed 
mileage  includes  94.8  miles  of  gravel 
roads,  32  miles  of  waterbound  mac- 
adam, 52.8  miles  of  bituminous  mac- 
adam, 30  miles  of  bitviminous  con- 
crete, and  4.3  miles  of  Portland  ce- 
ment concrete.  The  completed  bridges 
have  a  total  length  of  1.1  miles. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was 
$1,147,421,  of  which  the  Federal  share 
was  $531,483.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $553,913. 

New  Jersey. — New  Jersey's  section  of 
the  Federal-aid  highway  system  in- 
cludes 1,198.3  miles.  Of  this  mileage 
229.6  miles  have  been  completed  with 
Federal  aid,  of  which  70.4  miles  were 
completed  during  the  last  fiscal  year. 
At  the  close  of  the  year  53  miles  were 
under  construction  and  19  miles  were 
approved  for  construction.  The 
greater  part  of  the  completed  mileage 
of  this  State  is  paved  with  Portland 
cement  concrete,  there  being  211.9 
miles  of  this  type.  In  addition  there 
are  1.6  miles  of  graded  and  drained 
earth  roads,  3.4  miles  of  gravel,  and 
12.6  miles  of  bituminous  concrete,  and 
one  bridge  with  a  total  length  of  0.1 
mile. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was 
$4,802,169,  of  which  the  Federal  share 
was  $1,158,534.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $1,889,720. 

New  Mexico.^ — -The  New  Mexico  sec- 
tion of  the  Federal-aid  highway  sys- 


tem includes  3,250  miles.  Federal-aid 
roads  completed  up  to  the  close  of 
the  fiscal  year  have  a  total  length  of 
1,353  miles,  but  252  miles  completed 
prior  to  the  designation  of  the  system 
are  not  included.  During  the  last 
fiscal  year  473.4  miles  have  been  com- 
pleted and  at  the  close  of  the  year 
there  were  under  construction  123 
miles  and  approved  for  construction 
12  miles.  The  completed  roads  are 
largely  of  the  gravel  type,  there  being 
of  this  character  1,065.3  miles.  In  ad- 
dition, there  are  221.8  miles  of  graded 
and  drained  earth  roads,  5.1  miles  of 
sand-clay,  0.7  mile  of  bituminous  con- 
crete, and  59.3  miles  of  Portland  ce- 
ment concrete.  The  bridges  completed 
up  to  the  close  of  the  fiscal  year  have 
a  total  length  of  0.8  mile. 

The  total  cost  of  the  rcmds  completed 
during  the  fiscal  year  was  $5,008,465, 
of  which  the  Federal  share  was  $3,- 
340,291.  The  actual  disbursement  of 
Federal  funds  to  the  State  during  the 
year  was  $2,910,090. 

New  York. — The  section  of  the  Fed- 
eral-aid highway  system  in  New  York 
has  a  total  length  of  5,012  miles.  Fed- 
eral-aid roads  completed  up  to  the  close 
of  the  fiscal  year  amount  to  972  miles, 
but  442  miles  completed  prior  to  the 
designation  of  the  system  are  not  in- 
cluded in  it.  The  mileage  completed 
during  the  last  fiscal  year  was  344.4 
miles,  and  there  were  under  construc- 
tion at  the  close  of  the  year  487  miles 
and  approved  for  construction  118 
miles.  The  entire  completed  mileage 
is  surfaced  with  one  or  the  other  of 
four  high  types  of  surfacing.  A  total 
of  697.1  miles  is  paved  with  Portland 
cement  concrete,  267.9  miles  are  sur- 
faced with  bituminous  macadam,  4.8 
miles  with  bituminous  concrete,  and 
0.7  mile  with  brick.  The  total  length 
of  the  bridges  completed  up  to  the 
close  of  the  yQar  was  1.5  miles. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was  $13,- 
779,859,  of  which  the  Federal  share 
was  $5,548,190.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $4,813,178. 

North  Carolina. — The  Federal-aid  high- 
way system  in  North  Carolina  in- 
cludes 3,790.3  miles.  Up  to  the  close 
of  the  fiscal  year  the  mileage  of  Fed- 
eral-aid roads  completed  was  1,178.5 
miles,  of  which  all  but  145  miles  was 
included  in  the  Federal-aid  highway 
system,  the  excluded  mileage  having 
been  constructed  prior  to  the  designa- 
tion of  the  system.     Of  the  completed 
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mileage  173.4  miles  was  added  during 
the  fiscal  year.  At  the  close  of  the 
year  there  were  158  miles  under  con- 
struction and  43  miles  approved  for 
construction.  The  completed  mileage 
consisted  of  76.1  miles  of  graded  and 
drained  earth  roads,  590.4  miles  of 
sand-clay,  85.8  miles  of  gravel,  12.8 
miles  of  waterbound  macadam,  38 
miles  of  bituminous  macadam,  141.5 
miles  of  bituminous  concrete  and  232.3 
miles  of  Portland  cement  concrete. 
The  bridges  completed  up  to  the  close 
of  the  year  have  a  total  length  of  1.6 
miles. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was  '^ii,- 
475,468,  of  which  the  Federal  share 
was  $2,440,273.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $2,087,591. 

North  Dakota. — The  section  of  the 
Federal-aid  highway  system  in  North 
Dakota  includes  6,154  miles.  All  but 
84  miles  of  the  2,015.3  miles  of  Fed- 
eral-aid roads  completed  up  to  the 
close  of  the  fiscal  year  were  included 
in  the  system,  the  excluded  mileage 
having  been  constructed  prior  to  the 
designation  of  the  system.  Of  the 
completed  mileage  381.1  miles  was 
added  during  the  fiscal  year  1925 
and  at  the  close  of  the  year  there 
were  under  construction  369  miles  and 
approved  for  construction  95  miles. 
The  greater  part  of  the  completed 
mileage  is  of  two  types,  there  being 
1,648  miles  of  graded  and  drained 
earth  roads  and  355  miles  of  gravel. 
In  addition  there  are  6.5  miles  of 
sand-clay  roads,  1.2  miles  of  bitumi- 
nous concrete,  and  3  miles  of  Port- 
land cement  concrete.  The  bridges 
completed  up  to  the  close  of  the  year 
have  a  total  length  of  1.6  miles. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was 
$2,554,397.  of  which  the -Federal  share 
was  $1,230,646.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $934,.32S. 

Ohio. — Ohio's  section  of  the  Federal- 
aid  highway  system  includes  5,798.5 
miles.  The  Federal-aid  roads  com- 
pleted up  to  the  close  of  the  fiscal 
year  have  a  total  length  of  1,225.6 
miles,  of  which  82  miles  are  not  ixi- 
cluded  in  the  Federal-aid  highway 
system,  having  been  completed  prior 
to  the  designation  of  the  system.  Of 
the  completed  mileage  240.8  miles  was 
added  during  the  fiscal  year  1925  and 
at  the  close  of  the  year  250  miles  were 
under  construction  and  100  miles  were 


approved  for  construction.  The  com- 
pleted mileage  consists  of  393.4.  miles 
of  Portland  cement  concrete  roads 
3S0.9  miles  paved  with  brick,  88.1 
miles  surfaced  with  bituminous  con- 
crete, 246.3  miles  of  bituminous 
macadam,  82.6  miles  of  waterbound 
macadam,  and  34.2  miles  of  graded  and 
drained  earth  roads.  The  bridges 
completed  have  a  length  of  only  0.1 
mile. 

The  total  cost  of  the  roads  «om- 
pleted  during  the  fiscal  year  was  $8,- 
899,524,  of  which  the  Federal  share 
was  $3,548,113.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $2,652,957. 

Oklahoma. — The  section  of  the  Fed- 
eral-aid highway  system  in  Oklahoma 
includes  5,573  miles.  Of  the  910.2 
miles  of  Federal-aid  roads  completed 
up  to  the  close  of  the  fiscal  year  all 
but  8.6  miles  are  included  in  the  sys- 
tem, the  latter  mileage  having  been 
constructed  prior  to  the  designation 
of  the  system.  Of  the  completed  mile- 
age 412.9  miles,  or  nearly  one-half, 
was  completed  during  the  fiscal  year 
and  at  the  close  of  the  year  there 
were  254  miles  under  construction 
and  47  miles  approved  for  construc- 
tion. The  completed  roads  consist 
of  40.4  miles  of  graded  and  drained 
earth  roads,  2.3  miles  of  sand-clay, 
526.7  miles  of  gravel,  6.3  miles  of 
waterbound  macadam,  0.6  mile  of 
l)ituminous  macadam,  64.5  miles  of 
bituminous  concrete,  257.5  miles  of 
Portland  cement  concrete,  and  4  miles 
of  brick.  The  bridges  have  a  total 
length  of  7.9  miles. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was  $9.- 
420,729,  of  which  the  Federal  share 
was  $4,532,987.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $2,852,978. 

Oregon.^ — The  Oregon  section  of  the 
Federal-aid  highway  system  includes 
2.814  miles.  The  Federal-aid  roads 
completed  up  to  the  close  of  the  fiscal 
year  have  a  total  length  of  829.2  miles, 
all  of  which  is  included  in  the  Fed- 
eral-aid system.  Of  the  completed 
mileage  153  miles  were  completed  dur- 
ing the  fiscal  year  and  at  the  close  of 
the  year  there  were  102  miles  under 
construction  and  39  miles  approved 
for  construction.  The  completed  mile- 
age consists  of  553.7  miles  of  gravel, 
110.2  miles  of  graded  and  drained 
earth  roads.  25.6  miles  of  waterbound 
macadam,  52.9  miles  of  bituminous 
concrete,   and  85.7   miles   of  Portland 
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i'eineiit  concrete.  The  bridges  com- 
pletefl  lip  to  the  close  of  the  year 
have  a  total  length  of  1.1  miles. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was  $2.- 
618,037,  of  which  the  Federal  share 
was  $1,510,345.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $1,091,482. 

Pennsylvania. — Pennsylvania's  section 
of  the  Federal-aid  highway  system  in- 
cludes 3,670.55  miles.  All  but  2.5  miles 
of  the  Federal-aid  roads  completed  up 
to  the  close  of  the  fiscal  year  1925, 
amounting  to  987.6  miles,  are  included 
in  the  system.  Of  the  completed  mile- 
age 156.6  miles  was  addetl  during  the 
fiscal  year  and  at  the  close  of  the 
year  392  miles  were  under  construc- 
tion and  155  miles  approved  for  con- 
struction. The  entire  completed  mile- 
age in  this  State  is  surfaced  with  one 
of  the  higher  types  of  pavement. 
There  are  852.7  miles  of  Portland  ce- 
ment concrete,  101.9  miles  of  bitumi- 
nous concrete,  25.2  miles  of  brick,  and 
7.8  miles  of  bituminous  macadam. 
No  bridges  have  been  built  in  this 
State  with  Federal  aid. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was  $8,- 
605,472,  of  which  the  Federal  share 
was  $2,436,028.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $3,701,190. 

Rhode  Island. — The  section  of  the  Fed- 
eral-aid highway  system  in  Rhode 
Island  includes  234.13  miles,  which  is 
in  excess  of  7  per  cent  of  the  total 
highway  mileage  of  the  State,  as  a 
result  of  extensions  authorized  on  the 
completion  of  the  original  7  per  cent 
system.  Up  to  the  close  of  the  fiscal 
year  there  had  been  completed  in  the 
State  with  Federal  aid  70.8  miles,  all 
of  which  was  included  in  the  Federal- 
aid  system,  and  of  this  mileage  21.7 
miles  had  been  added  during  the  fiscal 
year.  At  the  close  of  the  year  there 
were  under  construction  20  miles  and 
approved  for,  construction  9  miles. 
The  entire  completed  mileage  was 
surfaced  with  one  of  the  higher  types 
of  pavement,  there  being  37  miles  of 
bituminous  concrete,  23.3  miles  of 
Portland  cement  concrete,  and  10.5 
miles  of  bituminous  macadam.  No 
bridges  have  been  constructed  with 
Federal  aid. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was 
$1,202,132,  of  which  the  Federal  share 
was    $440,391.      The    actual    disburse- 
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ment  of   Federal  funds  to   the   State 
during  the  year  was  $359,282. 

South  Carolina. — The  section  of  the 
Federal-aid  highway  system  in  South 
Carolina  includes  3,150  miles.  At  the 
close  of  the  fiscal  year  1925,  1,311.1 
miles  of  Federal-aid  roads  had  beeu 
completed,  of  which  103.5  miles  com- 
pleted prior  to  the  designation  of  tlie 
Federal-aid  system  are  not  included  in 
it.  Of  the  completed  mileage  275.5 
miles  had  been  added  during  the 
fiscal  year  1925,  and  at  the  close  of 
the  year  there  were  under  construc- 
tion 298  miles  and  approved  for  con- 
struction 35  miles.  The  completed 
mileage  includes  10.8  miles  of  graded 
and  drained  earth  roads,  1,105.4  miles 
of  sand-clay  roads,  100.9  miles  of 
gravel,  3  miles  of  bituminous  mac- 
adam, 38  miles  of  bituminous  con- 
crete, 49  miles  of  Portland  cement 
concrete,  and  0.2  mile  of  brick.  The 
bridges  completed  in  the  State  have  a 
total  length  of  3.8  miles. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was 
$3,158,766,  of  which  the  Federal  share 
was  $1,285,212.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $1,220,841. 

South  Dakota. — South  Dakota's  section 
of  the  Federal-aid  highway  system  in- 
cludes 5,666  miles.  The  mileage  of 
Federal-aid  roads  completed  up  to 
the  close  of  the  fiscal  year  1925  was 
1.579.9  miles,  of  which  all  but  20.9 
miles  was  included  in  the  Federal-aid 
system.  Of  the  completed  mileage 
483.3  miles,  or  almost  30  per  cent,  was 
added  during  the  last  fiscal  year.  At 
the  close  of  the  year  there  were  under 
construction  879  miles  and  approved 
for  construction  55  miles.  The  greater 
part  of  the  completed  mileage  was 
surfaced  with  gravel,  there  being 
1,293.8  miles  of  this  type.  In  addi- 
tion there  were  281.7  miles  of  graded 
and  drained  earth  roads,  2.5  miles  of 
sand-clay  and  0.8  mile  of  Portland 
cement  concrete.  The  bridges  com- 
pleted up  to  the  close  of  the  fiscal 
year  have  a  total  length  of  1.1  miles. 
The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was 
$3,802,882,  of  which  the  Federal  share 
was  $1,877,063.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $1,856,560. 

Tennessee. — The  section  of  the  Fed- 
eral-aid highway  system  in  Tennessee 
includes  3,180.2  miles.  The  Federal- 
aid  roads  completed  up  to  the  close  of 
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the  fiscal  year  have  a  total  length  of 
596.5  miles,  of  which  all  but  37  miles 
completed  prior  to  the  designation  of 
the  Federal-aid  highway  system  are 
included  in  the  system.  Of  the  com- 
pleted mileage  304.4  miles,  or  more 
than  50  per  cent,  was  added  during 
the  last  fiscal  j'ear.  At  the  close  of 
the  year  there  were  under  construct- 
ion 324  miles.  The  completed  mileage 
includes  3G3.4  miles  of  bituminous 
macadam,  94.4  miles  of  gravel,  50.S 
miles  of  Portland  cement  concrete, 
52.3  miles  of  waterbouud  macadam, 
21.9  miles  of  bituminous  concrete  and 
13.1  miles  of  graded  and  drained  earth 
roads.  The  bridges  completed  have  a 
combined  length  of  O.ii  mile. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was 
.*«9,355,548,  of  which  the  Federal  share 
was  $4,604,189.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $3,079,450. 

Texas. — Texas,  the  largest  State  in 
the  Union,  has  the  largest  section  of 
the  Feileral-aid  highway  system,  in- 
cluding 10,932  miles.  Of  the  Federal- 
aid  roads  completed,  amounting  to 
4,332.3  miles,  all  but  327  miles,  com- 
pleted prior  to  the  designation  of  the 
Federal-aid  highway  system,  are  in- 
cluded in  it.  Of  the  completed  mile- 
age 1,170.8  miles  was  added  during 
the  last  fiscal  year  and  at  the  close 
of  the  year  there  were  under  con- 
struction 1,084  miles  and  approved 
for  construction  185  miles.  The  great- 
er part  of  the  completed  mileage  was 
surfaced  with  gravel,  there  being 
2,756.2  miles  of  this  type.  In  addi- 
tion,  the   completed   mileage  includes 

303.8  miles  of  graded  and  drained 
earth  roads,  61.2  miles  of  sand-clay, 
448  miles  of  waterbound  macadam, 
309.3  miles  of  bituminous  macadam, 
77.7  miles  of  bituminous  concrete, 
329.5  miles  of  Portland  cement  con- 
crete, and  24.8  miles  of  brick.  Up  to 
the  close  of  the  fiscal  year  the  bridges 
had  a  combined  length  of  21.8  miles. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was 
$19,488,335,  of  which  the  Federal  share 
was  $7,870,617.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $5,136,128. 

Utah. — The  Federal-aid  highway  sys- 
tem of  Utah  includes  1,588  miles.  Of 
the  487.4  miles  of  Federal-aid  roads 
completed  up  to  the  close  of  the  fiscal 
year  167  miles  completed  prior  to  the 
designation  of  the  system  are  not  in- 
cluded  in   it.     During  the  fiscal   year 

169.9  miles  were  completed  and  at  the 


close  of  the  year  162  miles  were  under 
construction  and  25  miles  were  ap- 
proved for  construction.  The  com- 
pleted mileage  consists  of  242.3  miles 
of  gravel,  101.1  miles  of  graded  and 
drained  earth  roads,  37.6  miles  of 
sand-clay,  9.3  miles  of  waterbound 
macadam,  7.8  miles  of  bituminous 
concrete,  and  88  miles  of  Portland 
cement  concrete.  The  bridges  com- 
pleted up  to  the  close  of  the  fiscal 
year  have  a  total  length  of  1.3  miles. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  w^as  $3,- 
167,835,  of  which  the  Federal  share 
was  $2,102,039.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the   year  was   $1,554,844. 

Vermont. — Vermont's  section  of  the 
Federal-aid  highway  system  Includes 
1,043  miles.  With  the  exception  of  1 
mile  constructed  prior  to  the  designa- 
tion of  the  system,  all  Federal-aid 
roads  completed  up  to  the  close  of  the 
fiscal  year  1925,  amounting  to  108 
miles,  were  included  in  the  system. 
Of  the  completed  mileage  33.6  miles 
were  added  during  the  fiscal  year  1925, 
and  at  the  close  of  the  year  26  miles 
were  under  construction  and  9  miles 
were  appro\'ed  for  construction.  The 
completed  mileage  includes  72.8  miles 
of  gravel  roads,  3.4  miles  of  water- 
bound  macadam,  19.7  miles  of  bi- 
tuminous macadam,  and  10.8  miles  of 
Portland  cement  concrete.  The  bridges 
completed  have  a  combined  length  of 
1.3  miles. 

The  total  cost  of  roads  completed 
during  the  fiscal  year  was  $1,112,697, 
of  which  the  Federal  share  was  $519,- 
944.  The  actual  disbursement  of  Fed- 
eral funds  to  the  State  during  the  year 
was  $563,080. 

Virginia. — The  Federal-aid  highway 
system  in  Virginia  includes  3,075.5 
miles.  The  Federal-aid  roads  com- 
pleted up  to  the  close  of  the  last  fiscal 
year  have  a  total  length  of  859.6  miles, 
of  which  all  but  43  miles  are  included 
in  the  Federal-aid  system.  Of  the 
completed  mileage  238.8  miles  were 
completed  during  the  last  fiscal  year 
and  at  the  close  of  the  year  165  miles 
were  under  construction  and  59  miles 
were  approved  for  construction.  The 
completed  roads  include  241.6  miles  of 
Portland  cement  concrete,  186.2  miles 
of  bituminous  macadam,  199.7  miles 
of  sand-clay,  108.5  miles  of  water- 
bound  macadam,  84.7  miles  of  gravel, 
27  miles  of  graded  and  drained  earth 
roads,  and  10.6  miles  of  bituminous 
concrete.  The  bridges  completed  have 
a  total  length  of  1.3  miles. 
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The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was  $7,- 
017,132,  of  which  the  Federal  share 
was  $3,279,419.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $1,878,842. 

Washington. — The  Washington  section 
of  the  Federal-aid  highway  includes 
2,907.7  miles.  All  but  12  miles  of  the 
551.9  miles  of  Federal-aid  roads  com- 
pleted up  to  the  close  of  the  fiscal 
year  1925  were  included  in  the  Fed- 
eral-aid system.  Of  the  total  mileage 
completed  82.7  miles  were  added  dur- 
ing the  fiscal  year,  and  at  the  close 
of  the  year  102  miles  were  under 
construction  and  22  miles  were  ap- 
proved for  construction.  The  com- 
pleted mileage  includes  200.9  miles  of 
Portland  cement  concrete,  296.8  miles 
of  gravel,  and  52.4  miles  of  graded 
and  drained  earth  roads.  The  bridges 
completed  up  to  the  close  of  the  year 
have  a  combined  length  of  1.8  miles. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was  $3,- 
295,914,  of  which  the  Federal  share 
was  $1,430,498.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $1,101,796. 

West  Virginia. — Tlie  West  Virginia 
section  of  the  Federal-aid  highway 
system  includes  1,918.5  miles.  Of  the 
335.9  miles  of  Federal-aid  roads  com- 
pleted up  to  the  close  of  the  fiscal 
year  74  miles  completed  prior  to  the 
designation  of  the  Federal-aid  high- 
way system  are  not  included  in  it. 
The  mileage  completed  during  the  last 
fiscal  year  was  60.1  miles  and  at  the 
close  of  the  year  there  were  140  miles 
luuler  construction  and  50  miles  ap- 
proved for  construction.  The  com- 
pleted mileage  includes  138.5  miles  of 
graded  and  drained  earth  roads,  1.7 
miles  of  sand-clay.  18.3  miles  of  gravel, 
4.9  miles  of  waterbound  macadam, 
69.7  miles  of  bituminous  macadam, 
16.3  miles  of  bituminous  concrete,  74.9 
miles  of  Portland  cement  concrete, 
and  11.4  miles  paved  with  brick.  The 
bridges  completed  up  to  the  close  of 
the  fi.scal  year  have  a  length  of  0.2 
mile. 

The  total  cost  <>f  the  roads  com- 
pleted during  tlie  fiscal  year  was 
$1,354,742,  of  which  the  Federal  share 
was  $658,321.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $630,039. 

Wisconsin. — The  section  of  the  Fed- 
eral-aid highway  system  in  Wisconsin 


includes  5,493.36  miles.  Up  to  the 
close  of  the  year  1,484.6  miles  of 
P^ederal-aid  roads  had  been  com- 
pleted, but  267  miles  completed  prior 
to  the  designation  of  the  Federal-aid 
system  are  not  included  in  it.  Of  the 
completed  mileage  127.8  miles  were 
completed  during  the  last  fiscal  year, 
and  at  the  close  of  the  year  147  iniles 
were  under  construction  and  90  miles 
approved  for  construction.  The  com- 
pleted mileage  includes  731.9  miles 
of  gravel  roads,  366.3  miles  of  Port- 
land cement  concrete,  233.6  miles  of 
graded  and  drained  earth  roads,  140.5 
miles  of  sand-clay,  9.6  miles  of  bi- 
tuminous macadam,  and  2.7  miles  of 
waterbound  macadam.  The  bridges 
completed  up  to  the  close  of  the  year 
have  a  length  of  0.1  mile. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  vear  was 
$3,586,726,  of  which  the  Federal  share 
was  $1,742,090.  The  actual  disburse- 
ment of  Federal  funds  to  the  State 
during  the  year  was  $1,325,077. 

Wyoming. — Wyoming's  section  of  the 
P^ederal-aid  highway  system  includes 
3.071.7  miles.  The  Federal-aid  roads 
completed  up  to  the  close  of  the  year 
have  a  total  length  of  1,037.8  miles, 
of  which  all  but  59  miles  completed 
prior  to  the  designation  of  tlie  Fed- 
eral-aid highway  system  are  not  in- 
cluded in  it.  Of  the  completed  mile- 
age 325.5  miles,  or  approximately  30 
per  cent  of  the  total,  was  added  dur- 
ing the  last  fiscal  year.  At  the  close 
of  the  year  the  roads  under  construc- 
tion had  a  total  length  of  201  miles 
and  54  miles  were  approved  for  con- 
struction. The  completed  mileage  in- 
cludes 462.3  miles  of  sand-clay.  310.8 
miles  of  graded  and  drained  earth 
roads,  246.2  miles  of  gravel.  1.2  miles 
of  bituminous  concrete,  and  14.8  miles 
of  Portland  cement  concrete.  The 
bridges  completed  have  a  combined 
length  of  3  miles. 

The  total  cost  of  the  roads  com- 
pleted during  the  fiscal  year  was 
$3,418,864,  of  which  the  Federal  .share 
was  $2,100,081.  The  factual  disburse- 
ment of  Federal  funds  to  the  State 
during  tlie  year  was  $1,728,033. 

Complete  statistics  of  the  Federal- 
aid  roads  completed  during  the  fi.scal 
year  and  during  the  entire  i^eriod 
under  the  Federal-aid  plan  with  refer- 
ence to  mileage  and  types  completed 
and  the  total  costs  and  Federal-aid 
allotments  are  given  in  Tables  10  to 
15,  inclusive. 
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Table  10. — Total  cost,  Federal  aid  and  mileage  of  Federal-aid  roads  completed 
during  the  fiscal  year  1925 — by  States 


states 


Total  cost  1 

Federal  aid ' 

MUes» 

$8, 946,  220.  40 

$4, 405, 980. 35 

482.2 

1,  685, 978.  3.3 

999,  603.  78 

132.8 

!              4, 713,  282.  21 

1,  766,  874.  26 

188.0 

'              7,  378, 440.  12 

3, 945,  529. 15 

265.5 

1              3, 678, 153.  52 

1, 960,  296.  36 

134.2 

2, 170,  514.  26 

703,  795.  06 

36.6 

1,169,291.33 

465, 084.  42 

31.4 

!              3,  328,  705.  13 

1, 627, 053.  47 

100.2 

4,306,914.03 

2, 118, 847.  66 

326.0 

!              1,  287, 097. 12 

771, 198.  81 

113.1 

I            10,931,911.27 

5,  285,  725.  74 

370.5 

8,  312,  508.  53 

4, 027, 473. 09 

266.8 

1              4, 209, 963.  04 

1, 939,  561. 13 

349.6 

!              8,  265, 215.  10 

3,  593, 498.  16 

337.0 

!              4, 159,  571.  09 

1,  662,  848.  80 

145.7 

4,  538,  345.  13 

2,195,489.99 

324.1 

'              1,  330,  368. 99 

641,  229.  37 

51.0 

1, 937,  750.  57 

878,  368.  84 

67.3 

4,280,919  94 

1, 474,  830  91 

74.5 

1              7,  104,  249.  35 

3,  321, 499.  47 

287.8 

6, 424,  894.  80 

2, 848, 805.  77 

411.0 

<              3,  487,  896.  19 

1,  701,  759.  55 

217.5 

9,  808,  732.  34 

4,  780, 496.  96 

443.5 

1,  462, 935.  43 

1, 024,  548.  18 

132.0 

2,  656,  656.  84 

1,  276,  615.  35 

155.8 

2,  087,  851.  01 

1,  700, 958.  55 

145.3 

1, 147,  421.  31 

531, 483.  77 

38.8 

4,  802, 169.  82 

1, 158,  534.  72 

70.4 

5, 008,  465.  60 

3,  340,  291.  69 

473.4 

13,  779,  859.  18 

5,  548,  190.  75 

344.4 

6, 475,  468.  61 

2,  440,  273.  68 

173.4 

2,  554,  397.  62 

1,  230,  646.  92 

381.1 

8,  899,  524.  96 

3,  548, 113.  26 

240.8 

9,  420,  728.  95 

4,  532, 987.  59 

412.9 

2,  618,  037.  60 

1,  510, 345.  67 

153.0 

8,605.471.97 

2,  436, 027. 93 

156.6 

1,  202, 131.  59 

440,391.09 

21.7 

3, 158,  766.  20 

1,  285,  212.  63 

275.5 

3,  802,  882.  64 

1,  877, 062.  77 

483.3 

9,  355,  548.  16 

4,  604, 188. 95 

304.4 

19,  488,  335.  22 

7,  870,  617.  44 

1, 170.  8 

3,  167,  835.  47 

2, 102, 039. 14 

169.9 

1, 112,  697.  48 

519, 943.  89 

33.6 

7,  017,  132.  60 

3,  279,  419.  35 

238.8 

3,  295, 914.  50 

1,  430,  498.  58 

82.7 

1,  354,  741.  96 

658,  321.  41 

60.1 

3.  586,  726.  64 

1,  742, 090. 95 

127.8 

3, 418,  864.  42 

2, 100,  081.  88 

325.5 

242, 937,  488.  57 

111,  304,  737.  24 

11, 328.  6 

Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

Florida 

Georgia --- 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland - 

Massachusetts-- 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana -. 

Nebraska 

Nevada 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina- 
North  Dakota... 

Ohio 

Oklahoma 

Oregon _.. 

Pennsylvania 

Rhode  Island 

South  Carolina.. 
South  Dakota... 

Tennessee 

Texas 

Utah 

Vermont 

Virginia _.. 

Washington 

West  Virginia... 

Wisconsin 

Wyoming 

Total 


1  Figures  subject  to  revision  on  payment  of  a  few  final  vouchers  now  outstanding. 

2  Mileage  is  of  original  improvement  only. 
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Table  11. — Total  cost,  Federal  aid  and  mileage  of  Federal-aid  roads  completed 
to  June  SO,  1925— by  States 


state 


Total  cost  > 


Federal  aid  > 


Miles ' 


Alabama.-- 

Arizona 

Arkansas -.. 

California 

Colorado.- 

Connecticut 

Delaware 

Florida. 

Georgia 

Idaho 

Illinois.. 

Indiana.- 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska..'. 

Nevada..- 

New  Hampshire. 

New  Jersey 

New  Mexico 

New  York 

North  Carolina.. 
North  Dakota... 

Ohio.- 

Oklahoma --, 

Oregon 

Pez)  nsylvania 

Rhode  Island 

South  Carolina... 

South  Dakota 

Tennessee 

Texas.-- 

Utah 

Vermont 

Virginia 

Washington 

West  Virginia 

Wisconsin 

Wyoming-- 


Total. 


$16, 463, 873.  00 

10, 150, 720. 00 

15,882,136.76 

24, 508, 248. 02 

13,302,271.86 

5, 582, 139.  35 

4, 648, 542. 80 

6, 288, 626. 82 

22, 562, 665.  58 

9, 699, 384.  68 

41, 460, 938.  34 

17, 163, 816.  81 

27,602,428.68 

30, 422, 761.  22 

15, 399, 805. 47 

13, 373, 109. 49 

8, 358, 953.  02 

8, 939, 352.  66 

15, 499, 788. 14 

22, 755.  690. 19 

30,415,685.89 

11, 376, 090.  08 

22, 521, 233.  77 

10, 373, 994. 98 

12, 966, 845.  58 

6, 034, 574.  22 

4, 375,  744.  90 

13, 068, 203. 04 

11,  716, 880.  56 

35, 294, 569.  79 

23, 303, 899.  06 

11,  731, 991.  01 

42,  755, 972.  64 

22, 407, 594.  21 

14, 996, 187.  30 

61, 038, 049. 86 

3, 154, 691.  99 

12, 437,  758.  75 

13, 274, 837. 18 

16,934,117.22 

61, 999, 406.  37 

7, 348, 884.  53 

3,034,811.64 

18,  312, 886.  55 

14, 488, 392.  67 

7, 526, 593.  06 

22, 665, 015.  82 

9, 643, 712. 22 


$8, 051, 
5,364, 
6, 226, 

11, 805, 
6, 835, 
2, 137, 
1, 653, 
3, 059, 

10, 604, 
5, 004, 

19, 345, 
8, 315, 

11,262, 

11, 321, 
6, 489, 
5, 996, 
3, 999, 
4,211, 
5, 965, 

10, 488, 

12,  738, 
5, 530, 

10, 706, 
5, 432, 
6, 186. 
4, 025, 
2, 085, 
4, 030, 
6, 942, 

14, 834, 
9, 685, 
5, 695, 

15, 659, 

10,421, 
7, 610, 

18,  532, 
1, 282, 

5,  600, 
6, 680, 
8, 304, 

24, 113, 
4,  505, 
1,462, 
8, 669, 

6,  662, 
3, 321, 
9, 347, 
5, 252, 


693.  34 
516. 19 
219. 89 
936. 02 
486. 02 
293.  66 
821.  75 
350.  86 
649.07 
244.  71 
542.  33 

678. 11 

792.  99 
270. 84 
735. 17 
713.  08 
927. 37 
045.  90 
520. 13 

793.  25 
642.  04 
604. 87 
507.  39 
829.  22 
129.  95 
094.73 

560. 12 

694.  74 

780. 42 
806.  53 
395.  85 
294. 02 
084. 19 
839.  62 
229.  96 
170.  22 
219.  05 
823.  54 
479.  99 
567.  87 
040. 85 
616. 11 
713. 01 
620.  37 
211.  87 

662. 43 
374.  28 
223.  22 


845, 263, 877.  78 


373, 260, 447. 14 


1, 163. 7 
670.6 

1, 136.  9 
946.9 
712.5 
118.4 
115.7 
212.8 

1, 652.  8 
639.9 

1, 284. 7 
530.0 

2, 038. 2 
994.6 
598.6 

1, 025. 6 
288.0 
320.0 
328.9 
861.7 

2. 721. 2 
872.6 

1, 349.  6 
937.7 

1,874.7 
427.8 
216.0 
229.6 

1, 353.  0 
972.0 

1, 178.  5 

2. 016. 3 
1, 225.  6 

910.2 

829.2 

987.6 

70.8 

1,311.1 

1, 579.  9 

696.5 

4, 332.  3 

487.4 

108.0 

859.6 

561.9 

336.9 

1, 484. 6 

1, 037. 8 


46, 486.  5 


'  Figures  subject  to  revision  on  payment  of  a  few  final  vouchers  now  outstanding. 
2  Mileage  is  of  original  improvement  only. 
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Table  12. — Total  program,  as  of  June  30,  1925,  of  projects  xchich  have  heen 
approved  for  construction,  completed,  and  under  construction 


states 


Total  cost 


Federal  aid 


Miles 


Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

Florida j 

Georgia 

Idaho— 

Dlinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts... 

Michigan.- 

Minnesota 

Mississippi 

Missouri 

Montana... 

Nebraska 

Nevada 

New  Hampshire- 
New  Jersey 

New  Mexico 

New  York 

North  Carolina.. 
North  Dakota.. - 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Ehode  Island 

South  Carolina.. 
South  Dakota... 

Tennessee 

Texas 

Utah... 

Vermont- 

Virginia 

Washington 

West  Virginia 

Wisconsin 

Wyoming 

Hawaii..., 


$21, 
12, 
21, 
32, 
16, 

6, 

5, 
11, 
31, 
12, 
48, 
29, 
35, 
39, 
23, 
15, 

9, 
11. 
20, 
3], 
39, 
19, 
45, 
13, 
19. 
10, 

5, 
22, 
13, 
65, 
30, 
14, 
54, 
28, 
18, 
81, 

5, 
18, 
20, 
26, 
81, 

9, 

4, 
24, 
17, 
14, 
2", 
13, 


721, 117.  65 
045, 158.  35 
111,304.41 
781,  771.  52 
659, 762.  05 
861,371.25 
653,  541.  71 
863,044.76 
925,  252.  35 
263,  216.  79 
478, 044. 84 

340. 487.  73 
717,  255.  82 
625, 020. 47 
721, 026.  27 
881,  666. 62 

325. 488.  71 
388,  605. 43 
148, 478. 42 
203,  535. 13 
922, 009.  95 
941, 448. 61 
255, 850. 19 
257, 681. 89 
063, 120. 18 
114,637.99 
284, 963.  53 
505,  602.  63 
276,  986. 48 
318, 395.  54 
687,  729.  95 
921, 438. 07 
372,  726.  35 
680,  690.  70 
015, 424.  29 
009,  259. 40 
088, 995.  54 
580, 840. 57 
039,  774. 14 
153, 419.  06 
938,  512.  37 
465,  524.  65 
661,616.12 
932, 017.  80 
201,171.04 
604, 159. 47 
149, 828.  51 
171,039.06 
342, 277.  22 


$10,  504, 

6, 533, 

8,912, 

15, 765, 

8, 455, 

2,524, 

2,042, 

5,  776, 

15, 179, 

6, 610, 

22,  747, 

14, 176, 

14, 880, 

15, 268, 

10, 226, 

7, 189, 

4,451, 

5,254, 

7, 080, 

14, 404, 

16, 803, 

9, 805, 

19, 874, 

7,421, 

9, 132, 

7, 488, 

2,511, 

7, 405, 

7, 927, 

24, 342, 

12, 938, 

7, 337, 

19, 963, 

13, 427, 

9, 254, 

26, 435, 

1, 773, 

8, 414, 

9, 912, 

12,  319, 

32,  528, 

6, 020, 

2, 182, 

11,  592, 

7, 905, 

6, 163, 

11,543, 

7, 484, 

97, 


803. 67 
086.  25 

138. 43 
110.  57 

718. 46 
368.  02 
606. 50 
197. 57 
821. 83 
751.77 
452.  67 
644.83 
629.  21 

992. 44 
092.83 

935.  33 
897. 75 
169. 82 
748.  62 
492. 15 
842.04 
981. 89 

012. 47 
424.  00 
941. 21 
989.  87 
945.  92 
569. 80 
932. 02 
800.58 
570.  65 
458.  78 
786. 33 
421. 09 
742.  91 
248.  03 
727.  68 

936.  56 
403.  86 
834.  21 
591.  55 
365. 11 
635. 92 
157.  51 
111.87 
017.  64 
732.  98 
820. 46 
440.00 


Total- 


1, 182, 672, 291.  58 


517,  997, 101.  75 


1,441.4 
804.8 
1, 479.  7 
1,161.5 
863.5 
138.7 
138.3 
348.2 

2. 253. 8 
792.1 

1. 524. 0 
878.2 

2,  521. 0 
1, 444.  5 

923.9 
1, 100. 4 
323.5 
436.5 
395.7 

1. 088. 1 

3,  551.  5 
1, 336.  3 
2, 006.  5 
1, 221.  5 
2, 462. 7 

824.1 

243.2 

301.9 

1, 488. 0 

1,  577. 6 

1, 380.  5 

2. 479. 9 

1. 576. 2 
1,  210. 8 

970.4 

1,534.7 

100.1 

1. 644. 3 
2, 513. 9 

920.6 
5, 601.  5 
674. 5 
143.3 
1, 083.  6 
676.3 
525.8 

1. 722. 4 
1,293.4 

6.5 


61, 129. 7 
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Table  13. — Mileage  of  Federal-aid  roads  completed  during  the  fiscal  year  1925, 

by  types  of  construction 


State 

Qraded 

and 
drained 

Sand- 
clay, 
etc. 

Gravel 

Water- 
bound 
mac- 
adam 

Bitu- 
minous 
mac- 
adam 

Bitu- 
minous 
con- 
crete 

Port- 
land 
cement 
con- 
crete 

Brick 

Bridges 

Total 

Alabama 

29.2 
""dT 
""§."4" 

373.4 
29.9 
67.3 

107.1 
55.8 

46.8 

31.9 

7.6 

67.0 

23.1 

0.9 
1.0 
.2 
.8 
1.6 

482.2 

87.1 

7.1 
23.2 
80.0 
47.7 
27.9 
31.2 
40.1 

6.5 

132.8 

Arkansas 

-4.5 
10.8 

31.6 
9.9 

188.0 

California 

33.7 
20.9 

265.5 

Colorado 

134.2 

Connecticut 

8.8 

36.6 

Delaware 

'2 

.2 
.2 

4.4 
,2 
.2 

1.2 
.2 

1.7 
.6 

1.6 

31.4 

Florida.. 

20.0 
15.3 
47.2 
3.0 
19.3 
237.2 
84.5 
91.2 

12.9 

218.6 

.2 

22.7 
»-  .7 

4.2 

100.2 

Georgia 

76.3 
65.3 

5.2 

326.0 

Idaho 

113. 1 

Illinois - 

366.1 

207.0 

67.1 

126.3 

1.3 

'"io.'o" 

370.5 

Indiana 

'"n'Y 

14.7 
45.0 
15.4 
27.4 
313.2 
19.1 
2.6 

7.5 

17.0 

266  8 

Iowa  .  

349.6 

— -jY 

28.0 
23.8 

9.5 
31.9 
14.3 
43.4 

5.0 

337.0 

Kentucky 

145.7 

Louisiana 

324  4 

Maine  .  

51.0 

""6.'2" 
14.6 

50.3 
25.1 

147.5 
51.1 
21.4 

124.4 

67.3 

Massachusetts 

.4" 

."5' 

.8 
... 

.2 
1.5 
.3 
.9 
.9 
.1 
.1 

74.5 

Michigan      

25.7 
245.1 
60.3 
98.0 
22.6 
133.3 
3.6 

'"'3.'2" 

i'-2i."6' 
17.9 

95.0 
114.8 
125.6 
189.1 
109.0 

35.6 

112.1 

8.2 

287  8 

Minnesota 

411  0 

Mississippi 



5.2 

1.0 
10.0 

5.8 
14.9 

217.5 

443.5 

Montana    .  . 

132  0 

Nebraska  

2.7 

""'2.I" 
7.6 

2.7 

5.8 

2.4 

61.1 

16.1 

289.2 

122.9 

2.4 

155  8 

Nevada.  

""8."9" 

5.0 
16.9 

145.3 

New  Hampshire 

38.8 

1.6 
30.2 

70.4 

New  Mexico 

427.0 

473  4 

50.4 
5.0 

4.8 

48.1 

.5 

3.4 
19.5 

344  4 

North  Carolina 

9.8 
325.8 

9.2 
12.1 
13.6 

>-7.6 

1-5.0 

.2 
.2 

-— 2-7- 

.4 

173.4 

North  Dakota 

54.7 

381.1 

Ohio                

41.5 

101.3 

128.6 

18.9 

154.0 

16.2 

10.4 

85.3 
2.8 

.'4" 

240  8 

Oklahoma 

247.1 
120.1 

412  9 

Oregon 

153.0 

2.2 
5.5 
15.9 

156.6 

Rhode  Island 

21.7 

South  Carolina 

10.8 

86.1 

9.8 

135.0 

1-13.8 

230.2 
2.5 

'"Ti" 

37.6 

6.9 

394.4 

33.1 

565.9 

110.2 

21.5 

13.6 

34.5 

.1 

58.1 

113.7 

1.4 
.4 
.1 
17.7 
.8 

1.0 
.6 
.4 

275.5 

South  Dakota 

483.3 

1.7 
85.9 

216.3 
198.1 

14.5 
27.9 

28.9 
133.4 
35.0 
7.3 
107.3 
23.5 
20.2 
69.8 
1.4 

'""To" 

304.4 

Texas 

1, 170.  8 

Utah 

169.9 

Vermont 

2.0 

1.8 
80.2 

""7."3' 

33  6 

Virginia 

9.0 
24.3 
32.4 

20.7 

238.8 

Washington 

82.7 

West  Virginia 

2.6 

4.9 

60.1 

Wisconsin 

127.8 

Wyoming 

120.2 

89.2 

1.0 

325.5 

Total-. 

2,064.1 

718.8 

4,  202. 9 

129.2 

911.9 

341.3 

2, 806. 4 

107.3 

46.7 

11,  328.  6 

'  Negative  figures  caused  by  revision  of  records  when  final  vouchers  were  paid  on  projects  the  type  of 
which  was  changed  after  ratification  of  project  agreement. 
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Table  14. — Mileage  of  Federal-aid  roads  completed  to  June  30, 1925,  by  types  of 

construction 


state 

Graded 

and 
drained 

Sand- 
clay, 
etc. 

Gravel 

Water- 
bound 
mac- 
adam 

Bitu- 
minous 
mac- 
adam 

Bitu- 
minous 
con- 
crete 

Port- 
land 
cement 
con- 
crete 

Brick 

Bridges 

Total 

Alabama 

3.2 
139.8 

315.9 

55.9 

3.1 

"'75'8' 

651.1 
342.5 
727.3 
209.8 
296.6 

11.6 
14.2 
40.3 

18.1 

73.4 

■"ei.T 
55.5 

86.7 

16.5 

243.4 

49.6 

1.0 

9.6 

99.4 

60.4 

359.6 

164.0 

82.6 

109.3 

70.7 

109.9 

21.3 

1, 114. 8 

445.0 

375.0 

431.4 

42.0 

2.2 
2.2 
1.3 
1.8 
3.7 

1, 153. 7 

Arizona 

670.5 

Arkansas 

1, 136. 9 

252.5 
171.4 

946.9 

Colorado 

712.6 

Connecticut 

8.8 

27.0 

118.4 

Delaware 

6.2 

10.1 

.5 

'"lire" 

""22."o' 

105.6 

3.9 

.2 

.3 
19.0 
1.1 
1.4 
1.6 

.2 
1.7 

.8 
1.6 

.2 

115.7 

Florida 

20.0 

73.6 

158.6 

138. 1 . 

19.8 

1,  251.  6 

181.6 

335.8 

7.4 

34.1 

1, 055.  5 

18.8 

'"88^5" 

64.8 
69.1 

""s's 

17.0 

12.8 
11.6 
33.0 
8.1 
12.0 

212.8 

286.2 

402.8 

.4 

27.1 
389.4 
125.2 

69.2 
996.2 
120.5 

31.5 

27.4 
4.3 

"'"7."6" 

1, 652. 8 

Idaho 

639.9 

Illinois 

1,284.7 

Indiana 

530.0 

Iowa 

2, 038. 2 

Kansas    

4.5 

41.1 

3.2 

.'i' 

3.3 

18.9 

56.5 
105.8 
9.5 
128.0 
41.6 
184.4 
5.0 

"""7.'6" 

""iil" 

30.2 
76.1 
22.1 

9.2 

17.7 

.9 

9.4 

1.6 

30.0 

12.6 

.7 

4.8 
141.5 

1.2 
88.1 
64.5 
52.9 
101.9 
37.0 
38.0 

994.5 

Kentucky    

598.6 

Louisiana. 

1, 025. 5 

Maine 

39.3 
230.7 
109.7 
415.8 
261.9 

73.4 
252.3 

31.3 

37.4 

40.4 

4.3 

211.9 

59.3 
697.1 
232.3 
3.0 
393.4 
257.5 

85.7 
852.7 

23.3 

49.0 
.8 

SO.  8 
329.5 

88.0 

10.8 
241.6 
200.9 

74.9 
366.3 

14.3 

288.0 

Maryland    .. 

3.8 

320.0 

Massachusetts 

.T 

""9.2 
6.2 

'"li's 
.7" 

"'380."9" 
4.0 

""25.' 2' 

1.3 

.4" 

.2 
3.0 
1.9 

.9 
1.4 
1.1 

.1 

.8 
1.5 
1.6 
1.6 

.1 
7.9 
1.1 

328.9 

Michigan 

25.7 
466.1 
181.7 
300.1 
215.8 
1, 454. 1 
73.5 

""i7."6' 

"iii.'s" 

24.9 

319.8 

1, 970.  7 

569.1 

708.0 

664.9 

217.1 

265.4 

94.8 

3.4 

1,  065.  3 

861.7 

Minnesota 

2. 721. 2 

Mississippi 

11.1 
13.4 
16.0 

1.0 

48.9 

6.9 

872.5 

Missouri 

1,349.6 

Montana 

937.7 

Nebraska 

1, 874. 7 

Nevada.  

""32"  6" 

20.6 
52.8 

427.8 

New  Hampshire 

215.0 

1.6 
221.8 

""'"5."i" 

229.6 

1, 353. 0 

New  York  . 

267.9 
38.0 

972.0 

North  Carolina 

76.1 

1, 648. 0 

34.2 

40.4 

110.2 

590.4 
6.5 

85.8 
355.0 

12.8 

1, 178. 5 
2, 015. 3 

Ohio    -. 

82.6 

6.3 

25.6 

246.3 
.6 

""7."8" 
10.5 
3.0 

1, 225. 6 

Oklahoma 

2.3 

526.7 
553.7 

910.2 

Oregon. 

829.2 

Pennsylvania    

987.6 

Rhode  Island 

70.8 

South  Carolina 

10.  S 
281.7 

13.1 
303.8 
101.1 

1, 105. 4 
2.5 

""6L2' 
37.6 

100.9 

1,  293. 8 

94.4 

2,  756.  2 
242.3 

72.8 
84.7 
296.8 
18.3 
731.9 
246.2 

.2 
'"'24."8" 

""u'V 

3.8 

1.1 

.6 

21.8 

1.3 

1.3 

1.3 

1.8 

.2 

.1 

3.0 

1,311.1 
1, 579.  9 

Tennessee 

52.3 

448.0 

9.3 

3.4 

108.5 

363.4 
309.3 

""i9.'7" 
186.2 

21.9 

77.7 

7.8 

"'io.'e' 

596.5 

Texas... 

4, 332. 3 

Utah.... 

487.4 

Vermont 

108.0 

Virginia    

27.0 

52.4 

138.5 

233.6 

310.8 

199.7 
........ 

140.5 
462.3 

859.6 

Washington 

West  Virginia 

Wisconsin       

551.9 

4.9 
2.7 

69.7 
9.6 

16.3 
........ 

335.9 
1, 484.  6 

1,037.8 

Total 

9, 079.  2 

4,  446. 3 

18,013.8 

1,032.2 

2, 564. 2 

1,370.5 

9, 234. 6 

644.2 

100.5 

46, 485. 5 
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Table  15. — Mileage  of  total  Federal-aid  program  as  of  June  30,  1925,  by  types 

of  construction 


states 

Graded 

and 
drained 

Sand- 
clay, 
etc. 

Gravel 

Water- 
bound 
macad- 
am 

Bitu- 
minous 
macad- 
am 

Bitu- 
minous 
cement 
con- 
crete 

Port- 
land 
cement 
concrete 

Brick 

Bridges 

Total 

\labama 

53.1 
168.7 

366.2 

93.1 

3.1 

"'75"8" 

795.6 
395.3 
939.2 
283.1 
386.8 

ii:6 

14.2 
70.8 
18.1 

73.4 

"169.' 7' 
62.1 

86.7 

22.7 

250.4 

62.2 

1.0 

51.1 
108.6 
104.4 
413.9 
195.6 
102.8 
131.9 

97.7 
137.2 

32.8 

1,354.0 

730.9 

527.8 

459.9 

93.2 
3.6 

39.3 
347.2 
153.2 
621.9 
297.8 
144.8 
597.3 

31.3 

37.4 

45.6 

5.2 

280.2 

69.3 

1, 145.  7 

329.1 

3.0 

533.1 

371.7 

92.3 
1,334.5 

45.5 

66.2 

.8 

140.5 

479.0 

92.1 

17.8 
314.1 
232.2 
123.8 
434.9 

18.4 

:.::::: 

3.7 
2.2 
2.1 
2.6 
3.7 

1, 441. 4 

Arizona 

804.8 

Arkansas .. 

1,479.7 

C  alifornia 

319.4 
200.7 

1, 161.  5 

Colorado 

863.5 

8.8 

27.0 

138.7 

"'::::: 

6.2 

10.1 

.5 

"is."  6" 

11.0 

22.0 

125.0 

3.9 

.2 
8.9 
23.9 
1.1 
1.5 
3.0 

.4 
2.8 

.8 
3.6 
1.3 

138.3 

Florida 

46.5 
154.0 
176.7 
138.1 

25.7 

1, 528.  9 

421.2 

559.4 

29.2 

34.1 

1,385.3 

18.8 

""i05.1" 

36.5 
59.3 
4.3 

'"46"  5' 

72.6 
105.5 

"""§."3" 
17.0 

41.8 
14.5 
42.3 
8.1 
12.0 

348.2 

Georgia 

373.6 
516.3 

.4 

32.1 

441.8 

199.6 

76.8 

1,040.9 

135.8 

31.5 

2,253.8 

Idaho.. 

792.1 

Illinois    

1,524.0 

Indiana.. 

878.2 

2, 521. 0 

Kansas     .  . 

4.5 
51.5 
3.2 

."i" 

3.3 

18.9 

125.7 

138.2 

9.5 

142.0 

41.6 
207.2 

10.4 

.4 

"'io.T 

5.3 

12.3 

30.2 

76.1 

22.1 

19.1 

17.7 

.9 

10.1 

1.6 

31.9 

12.6 

.7 

11.8 

190.4 

1.2 

93.8 

72.4 

52.9 

101.9 

38.3 

48.2 

1,444.5 

Kentucky 

923.9 

Louisiana 

1, 100. 4 

Maine 

323.5 

3.8 

436.5 

Massachusetts 

....... 

'""9.' 2' 
21.0 

"14."  3" 

....... 

"437."  8" 
4.0 

"25."2" 

1.8 

.'e' 

.7 
9.3 
2.3 
4.3 
2.6 
3.1 
1.5 

.8 
1.5 
2.1 
2.4 

.2 
9.1 
2.0 

395.7 

Michigan.. 

30.5 
966.5 
245.5 
468.0 
252.6 
1,718.7 

83.6 

""i7."6" 
24.9 

329.9 

2,264.6 

887.4 

819.6 

911.5 

465.9 

645.2 

98.6 

3.4 

1, 183.  5 

54.4 

85.8 

416.3 

1,088.1 

3, 551.  5 

Mississippi 

Missouri 

11.1 
13.4 
16.0 

1.0 

60.2 

6.9 

1, 336. 3 
2,006.5 

Montana 

1,221.5 

2, 462.  7 

Nevada 

New  Hampshire 

""I0.3' 

20.6 
64.1 

824.1 
243.2 

New  Jersey 

3.5 

228.5 

6.7 

127.1 

2, 050. 7 

67.2 

137. 4 

166.1 

65.3 

.8 
5.1 

"59b'.i' 
6.5 

301.9 

1, 488. 0 

New  York 

North  Carolina 

North  Dakota 

"""i2."8' 

356.7 
42.7 

1,  577.  5 
1,380.5 
2, 479. 9 

Ohio 

104.9 
6.3 

25.6 

339.4 
.6 

'""7."8" 
16.2 
3.0 

1, 576.  2 

Oklahoma 

Oregon 

2.3 

607.0 
631.5 

1, 210. 8 
970.4 

Pennsylvania 

1,  534.  7 

Rhode  Island 

100.1 

South  Carolina 

22.4 
821.2 
177.1 
734.7 
101.1 

1, 349.  9 
2.5 

""'73."6" 
37.6 

146.1 
1,686.5 

106.3 
3, 162.  5 

424.7 
88.1 

116.5 

320.4 
27.0 

887.5 

320.2 

.2 
"29' 2" 

"ii.T 

8.2 

2.8 

1.5 

22.7 

1.8 

2.5 

1.6 

2.1 

.5 

.1 

4.0 

1, 644. 3 
2, 513. 9 

Tennessee 

52.? 

516.3 
9.3 
3.4. 

114.3 

421.0 
485.7 

""31.' 7" 
261.4 

21.9 

97.7 

7.8 

""io.'e" 

920.6 

Texas.... 

5, 601.  5 

Utah 

674.5 

Vermont- 

143.3 

Virginia 

62.6 
121.7 
199.7 
242.9 

478.8 

202.7 

'"'I'h' 

140.5 
470.8 

1, 083.  6 

Washington...  . 

676.3 

West  Virginia 

V.isconsin 

7.9 
2.7 

109.2 
13.8 

40.8 
........ 

6.5 

525.8 
1,  722.  4 

1, 293. 4 

Hawaii 

6.5 

Total 

13, 405. 4 

5, 224.  6 

22,339.3 

1, 288. 1 

3, 387.  2 

1, 590. 4 

12,990.6 

750.7 

153.9 

61, 129. 7 

TRANSCONTINENTAL  HIGHWAYS   DESIG- 
NATED 

As  the  result  of  the  general  improve- 
ment in  the  condition  of  roads 
throughout  the  country  and  the  great- 
ly increased  use  of  motor  vehicles 
the  range  of  travel  by  highways  has 
been  so  extended  that  transcontinen- 
tal journeys  are  by  no  means  uncom- 
mon. In  consequence  of  this  develop- 
ment the  early  improvement  of  a 
limited  number  of  transcontinental 
routes   and   the   uniform   marking   of 


such  roads  by  all  States  has  become 
one  of  the  most  pressing  needs. 

The  State  highway  departments, 
recognizing  their  responsibility  in  this 
respect  and  believing  the  matter  to 
be  one  requiring  joint  action  by  the 
several  State  highway  departments 
and  the  Federal  Government,  the 
American  Association  of  State  High- 
way Officials  recommended  that  the 
Secretary  of  Agriculture  appoint  a 
joint  board  of  Federal  and  State  of- 
ficials to  designate  the  transconti- 
nental routes  and  decide  on  a  uniform 
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marking  system.  In  response  to  this 
recommendation  the  Secretary  ap- 
pointed the  joint  board  on  interstate 
highways  in  February,  1925,  select- 
ing as  members  24  representative  Fed- 
eral and  State  highway  officials. 

At  the  first  meeting  of  the  board  in 
Washington  on  April  20,  a  series  of 
cautionary,  directional,  and  informa- 
tional signs  was  tentatively  decided 
upon  subject  to  approval  by  the  sev- 
eral State  highway  departments  to 
which  they  were  submitted  in  a  num- 
ber of  regional  meetings.  At  these 
regional  meetings  members  of  the 
board  also  received  from  the  State 
highway  departments  their  recommen- 
dations with  regard  .to  the  routes  to 
be  designated.  These  recommendations 
were  considered  and  harmonized  at  a 
second  meeting  of  the  board  held  in 
Washington  on  August  3,  as  the  out- 
come of  which  a  definite  system  of 
transcontinental  roads  was  designated 
and  standard  signs  for  use  by  all 
States  on  the  designated  system  were 
adopted. 

The  transcontinental  routes  desig- 
nated are  all  included  in  the  Federal- 
aid  highway  system.  Their  designa- 
tion and  adoption  by  all  States  is  an 
accomplishment  of  the  highest  order, 
carried  out  in  a  splendid  spirit  of  co- 
operation by  the  Federal  and  State 
departments.  Its  immediate  effect 
should  be  to  facilitate  compliance  with 
section  6  of  the  Federal  highway  act 
which  reiiulres  that  the  Secretary  of 
Agriculture  shall  give  preference  in 
approving  projects  to  those  which  will 
expedite  the  completion  of  an  ade-. 
quate  and  c<jnnected  system  of  high- 
ways interstate  in  character. 

Preferential  consideration  given  to 
the  improvement  of  the  designated 
transcontinental  system  should  at  a 
very  early  date  result  in  the  complete 
improvement  of  the  system,  and  the 
uniform  numbering  and  signing  of 
the  system  in  all  States  will  be  of  in- 
estimable value  in  promoting  the 
safety  and  convenience  of  the  high- 
ways used  by  interstate  traffic. 

FOREST-HIGHWAY    IMPROVEMENT 

The  forest-highway  systems  have 
been  definitely  selected  and  approved 
by  the  Secretary  of  Agriculture  in  all 


States  except  Oregon  and  New 
Mexico,  and  all  funds  available  for 
forest-highway  improvement  are  being 
expended  only  on  the  approved  sys- 
tems. In  Oregon  and  New  Mexico, 
approval  of  projects  is  being  limited 
to  tlie  systems  recommended  by  the 
Bureau  of  Public  Roads  pending  final 
agreement  of  the  cooperating  agencies 
on  systems  which  can  be  approved  by 
the  Secretary. 

The  total  mileage  of  the  approved 
systems,  including  the  mileage  in  the 
recommended  Oregon  and  New  Mexico 
systems,  is  13,396  miles.  Of  this  total. 
1,043  miles  are  class  1  highways,  i.  e.. 
roads  which  are  necesary  sections  or 
extensions  of  the  Federal-aid  .system 
wholly  within  the  national  forests. 
Class  2  roads,  which  are  extensions  of 
the  Federal-aid  sj'stem  and  partly 
within  or  adjacent  to  and  serving  the 
national  forests,  have  a  total  length  of 
6,904  miles ;  and  class  3  roads,  which 
are  roads  of  primary  importance  to 
counties  or  communities  within  the 
forests,  have  a  total  length  of  5,449 
miles.  Of  the  total  mileage  selected. 
4,011  miles  or  approximately  30  per 
cent  are  necessary  sections  of  the  Fed- 
eral-aid highway  system. 

In  the  forest-highway  work  as  in 
the  Federal-aid  road  work  the  prog- 
ress made  during  the  last  fiscal  year 
was  very  gratifying.  The  initial  im- 
provement of  603  miles  and  the  better- 
ment of  78  miles  previously  improved 
is  a  year's  record  which  has  not  been 
exceeded  in  any  previous  year  except 
1921,  when  729  miles  were  added. 

Of  the  681  miles  improved  initially 
or  by  betterment  of  type  during  the 
year,  035  miles  were  in  12  States  of 
the  far  West  and  the  Territory  of 
Alaska,  the  balance  of  46  miles  being 
located  in  the  States  of  Arkansas. 
Florida,  Georgia,  and  Tennessee.  The 
total  cost  of  the  completed  roads  was 
.$8,658,516,  of  which  .$8,470,516  was  ex- 
pended in  the  Western  States  and 
Alaska. 

The  total  mileage  of  forest  roads 
improved  by  the  Bureau  of  Public 
Roads  \ip  to  the  close  of  the  fiscal 
year  was  2.429  miles.  The  mileage 
and  cost  of  the  roads  completed  in 
each  State  during  the  fiscal  year  are 
given  >n  Table  16. 
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Table  16. — Forest  hlghicays  completed  during  the  fiscal  year  1925 


state 

Mileage 
com- 
pleted 

Total  cost 

Remarks 

Alaska 

Miles 
29.5 
62.1 

40.4 
35.8 
107.4 
51.5 
58.9 
11.5 
114.2 

8.5 
53.0 
24.2 
38.5 
10.8 
28.6 
.1 

6.5 

$527, 947.  96 
435, 908. 18 

823,  886. 69 

588, 376. 39 

1, 647,  953. 24 

685,051.55 

401,  723. 94 

163,001.11 

1,847,121.43 

108,416.04 

320,043.12 

557,  567. 36 

363,  519. 15 

95,499.34 

82, 134. 47 

10,  365.  85 

10, 366.  85 

Includes  3.6  miles  of  surfacing  only. 

Includes  23.4  miles  on  which  only  drainage  structures  were 

added. 
Includes  10.9  miles  of  surfacing  only. 

California 

Colorado - 

Idaho 

Includes  7  miles  of  clearing  only. 

Montana - 

Includes  7.1  miles  of  clearing  only. 

Nevada 

New  Mexico 

Oregon 

South  Dakota. 

Utah-.- 

Includes  6.3  miles  widened  and  20  miles  improved. 

Washington 

Wyoming 

Arkansas... 

Florida. 

Georgia.. - 

Bridge. 

Tennessee. . 

Total. 

681.5 

8, 668,  882.  67 

In  addition  to  the  mileage  of  forest 
roads  completed  there  was  under  con- 
struction at  the  close  of  the  fiscal  year 
931.87  miles,  including  135.87  miles 
of  roads  previously  constructed  as 
earth  roads  and  now  being  surfaced. 
It  i-s  estimated  that  this  work  will 
cost  more  than  $12,000,000.  The  dis- 
bursements up  to  the  close  of  the  year 
were  $8,256,012. 

The  forest  roads  constructed  under 
the  supervision  of  this  bureau  are 
those  which  are  of  primary  impor- 
tance to  the  States  and  to  counties 
and  communities  located  within  and 
adjacent  to  the  forest  areas.  Forest- 
development  roads  and  trails  are  con- 
structed mainly  under  the  supervision 
of  the  Forest  Service. 

Because  of  the  large  extent  of  the 
forest  reservations  in  the  Western 
States,  and  especially  by  reason  of  the 
fact  that  their  location  follows  ap- 
proximately the  mountain  ranges,  so 
that  they  include  the  important  moun- 
tain passes,  no  interstate  highway 
system  can  be  complete  which  does 
not  include  connections  across  the  for- 
est areas. 

Such  connections,  imperatively  re- 
quired from  the  economic  standpoint, 
also  serve  to  make  accessible  to  the 
increasing  army  of  motor  tourists  the 
scenic  beauties  in  which  the  forests 
abound.  Moreover,  as  the  national 
parks  are  practically  surrounded  by 
forests,  in  almost  every  case  approach 
to  the  parks  by  motorists  is  dependent 
upon  the  construction  of  the  main 
roads  through  the  forests. 


It  is  esi)ecially  desirable,  therefore, 
that  the  activities  of  the  State  high- 
way departments  and  those  of  this 
bureau,  the  Forest  Service,  and  the 
National  Park  Service  shall  be  closely 
correlated.  The  highway  work  of 
each  of  these  agencies  should  be  so 
correlated  that  continuous  routes  lead- 
ing to  and  through  the  national  parks 
and  forests  shall  be  built  as  speedily 
as  possible,  leaving  the  lesser  routes 
for  later  development. 

In  view  of  the  desirability  of  such 
a  correlation  of  effort  it  is  gratifying 
to  report  that  an  arrangement  has 
been  perfected  during  the  past  year 
under  which  the  Bureau  of  Public 
Roads  will  cooperate  with  the  Na- 
tional Park  Service  by  making  sur- 
veys, plans,  and  estimates  for  roads  to 
be  constructed  in  the  national  parks 
and  by  superintending  the  construc- 
tion of  major  projects.  The  bureau 
will  also  be  consulted  in  a  general  way 
on  all  national-park  road  work. 

The  transmountain  highway  in  Gla- 
cier National  Park,  Mont.,  has  already 
been  let  to  contract  uiider  this  ar- 
rangement. This  project,  which  is  one 
of  the  most  important,  is  a  part  of 
one  of  the  transcontinental  highways. 
It  lies  between  Lake  McDonald  and 
St.  Mary  Lake  and  connects  the  two 
via  Logan  Pass.  In  making  the  sur- 
vey for  the  project  every  effort  was 
made  to  preserve  and  make  accessible 
the  scenic  features  of  the  park  as 
well  as  to  provide  a  safe  and  com- 
paratively light  grade  for  the  high- 
way. 
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In  addition  to  the  transmountain 
highway  surveys  have  been  made  in 
the  Grand  Canyon  National  Park, 
Hawaii  National  Parli,  and  Rainier 
National  Park,  and  others  are  under 
way  in  the  Rocky  Mountain,  Sequoia, 
Yosemite,  Yellowstone,  Zion,  and 
other  parks. 

SURPLUS   WAR   MATERIALS 

Except  the  explosives,  of  which 
there  is  still  a  supply  to  be  distrib- 
uted, the  distribution  of  war  mate- 
rials declared  surplus  by  the  War 
Department  is  now  practically  com- 
pleted. Since  the  fiscal  year  1920, 
when  the  distribution  was  begun,  ma- 
terials of  an  estimated  value  of  more 
than  $247,000,000  have  been  dis- 
tributed to  State  highway  depart- 
ments, other  branches  of  the  Federal 
establishment,  and  to  farmers. 


The  materials  shipped  to  State  high- 
way departments  have  been  supplietl 
for  use  in  highway  construction,  and 
the  aid  extended  in  this  way  has  been 
in  many  ways  as  helpful  as  the  mone- 
tary aid.  *The  value  of  the  material 
received  by  the  States  up  to  the  close 
of  the  fiscal  year  was  more  than 
$215,000,000.  Materials  transferred 
to  branches  of  the  Federal  Govern- 
ment other  than  the  Bureau  of  Pub- 
lic Roads  are  valued  at  more  than 
$18,500,000  and  the  explosives  dis- 
tributed to  farmers  for  use  in  land 
clearing  and  other  agricultural  oper- 
ations are  valued  at  more  than 
$5,600,000. 

The  estimated  total  value  of  all  ma- 
terial delivered  to  consignees  up  to 
the  close  of  the  fiscal  year  is  given 
in  Table  17. 


Table  17. — Estimated  total  vahie  of  all  surplus  icar  material  delivered  iip  to 
the  end  of  the  fiscal  year  1925 


Consignee 


U.  S.  departments  and  establish- 
ments: 
Department  of  Agriculture- 
Bureau  of  Public  Roads... 

Other  bureaus 

War  Department 

National  cemeteries 

Navy  Department 

Marine  Corps 

Post  OflSce  Department 

Treasury  Department,  Public 

Health  Service.. 

Interior  Department — ' 

Indian  Service 

National  Park  Service 

Reclamation  Service 

St.  Elizabeths  Hospital 

Alaska  Railroad 

Miscellaneous 

Department  of  Justice 

Veterans'  Bureau 

Board  of  Road  Commissioners 

for  Alaska... 

The  Panama  Canal 

U.  S.  Soldiers'  Home 

U.  S.  Shipping  Board... 

U.  S.  Housing  Corporation 

Government  Printing  Office 

District  of  Columbia 


Estimated 
value 


Total  to  U.  S.  departments 

and  establishments 

Farmers,  for  land  clearing 


Total  to  U.  S.  departments, 
etc.,  and  farmers 


States,  for  road  building: 

Alabama 

Arizona. 

Arkansas 

California. 

Colorado 

Connecticut 

Delaware 

Florida 


$7,  792, 732.  30 

2, 278, 157.  64 

9,  823, 358.  09 

615.  00 

57, 838.  00 

168,411.70 

939, 160.  00 

19,  225.  34 

111,979.50 

318, 848.  25 

89, 140.  00 

46,  723. 00 

9,  225. 00 

9, 029.  00 

175, 000. 00 

3, 808, 941.  00 

86,  727.  84 

155, 060. 59 

18, 339.  90 

62.88 

4,  730. 00 

2, 150.  00 

575, 188.  28 


26, 490,  643. 31 
5,  662,  884. 10 


32, 153, 527.  41 


3,063, 
4,021, 
2, 875, 
7, 365, 
4,378, 
1, 003, 
495, 
5, 015, 


797.  01 
944.  60 
257. 56 
573.  81 
788.  64 
206.  38 
684.  70 
226. 87 


Consignee 


States,  for  road  building— Contd. 

Georgia 

Idaho 

Illinois 

Indiana... 

Iowa 

Kansas. 

Kentucky. 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan.. 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina 

North  Dakota 

Ohio 

Oklahoma. 

Oregon 

Pennsylvania 

Rhode  Island. 

South  Carolina 

South  Dakota 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington... 

West  Virginia 

Wisconsin 

Wyoming 


Total  to  States  for  road  build- 
ing  


Estimated 
value 


Grand  total 247,178,562.50 


$7, 219, 
2, 157, 
8, 174, 
8, 398, 
7, 633, 
5,411, 
3, 908, 
3, 365 
1, 800 
2, 431, 
2, 115, 
9, 868, 
4, 527, 
3, 183, 
5,  688, 
3, 018, 
3, 297, 

1. 800, 
984, 

2, 948, 
3, 899, 
11, 345, 
6, 966, 
2,331, 
7, 092, 

3. 801, 
3, 703, 
6, 996, 

655, 
4, 703, 
4, 139, 
6, 102, 
11, 227, 
1, 940, 

789, 
7, 529, 
4, 012, 
5,729, 
4, 734, 
2, 169, 


278.  27 

856. 72 

215.  20 

286. 59 

605.  99 

,  802.  69 

,  613. 33 

,  830.  68 

,  026. 44 

,  855.  22 

,  668. 47 

032.  09 

332. 15 

592. 46 

797.  22 

929.  95 

288.  49 

117.  20 

711.  98 

515.  46 

666.  90 

425.61 

295.  77 

000.98 

805.  69 

188.01 

,  599. 93 

,  746.  56 

,  788.  25 

,811.62 

,  630. 94 

,  441. 21 

,  259.  99 

129.00 

402.  25 

778. 87 

889.46 

278.  72 

276. 34 

752.  77 


215, 025, 035.  09 
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RESEARCH    AS    AN    AID    TO    ADMINIS- 
TRATION 

The  building  of  a  national  high- 
way transportation  system  is  a  trust 
which  the  bureau  feels  can  not  be 
faithfully  admiuistered  without  con- 
stant effort  to  broaden  the  field  of 
scientific  knowledge  of  the  materials 
and  processes  employetl  in  the  con- 
struction. The  highway  researches 
of  a  physical  and  economic  character 
in  which  it  has  been  engaged  for  a 
number  of  years  are  regarded,  there- 
fore as  a  highly  important  department 
of  the  work. 

During  the  past  year  the  most  sig- 
nificant results  have  been  obtained  in 
three  branches  of  this  work.  A  field 
study  and  careful  analysis  of  the 
elements  affecting  the  cost  of  grad- 
ing and  concrete  paving  have  led  to 
the  development  of  managerial  meth- 
ods the  application  of  which  in  test 
projects  has  cut  costs  of  construc- 
tion virtually  in  half.  No  more  prac- 
tical or  immediately  beneficial  study 
lias  ever  been  made  by  the  bureau. 
The  second  result  of  importance  has 
been  the  development  of  methods  of 
analyzing  the  flow  of  traffic  over  a 
highway  system  and  the  application 
of  the  results  of  such  analysis  to  the 
economic  improvement  of  the  system. 
These  methods  applied  in  California, 
Maine,  Connecticut,  Pennsylvania, 
Ohio,  and  Cook  County,  111.,  have  been 
instantly  recognized  by  the  State  and 
local  officials  as  a  most  valuable  aid 
to  administration.  The  third  out- 
standing advance  is  that  which  has 
rewarded  the  prolonged  study  of  high- 
way subgrades.  Practical  methods 
have  been  devised  for  the  identifica- 
tion of  suitable  soils,  and  there  is 
reasonable  ground  for  hope  that  cor- 
rective treatments  will  soon  be  de- 
veloped that  will  make  it  possible  to 
overcome  the  handicap  of  unsuitable 
soils. 

In  the  analysis  of  construction  costs 
the  first  work  was  a  study  of  the 
operation  of  earth-moving  equipment. 
Beginning  with  the  lighter  equipment, 
such  as  slip  scrapers,  wheelers,  and 
fresnoes,  the  investigations  were  later 
extended  to  include  the  operation  of 
elevating  graders,  steam  shovels, 
drag  lines,  and  dredges.  Each  type  of 
equipment  has  been  studied  in  oper- 
ation with  the  object  of  determining 
the  extent  of  the  preventable  time 
losses.  Such  losses  have  been  de- 
detected  even   on  well-managed  proj- 


ects, their  presence  wholly  unsus- 
pected by  the  contractor  because  of 
the  lack  of  a  detailed  study  of  the 
operations  involved  in  the  work. 
Once  detected  it  is  a  comparatively 
simple  matter  to  eliminate  them  by 
careful  management ;  and  the  tests 
made  indicate  that  savings  of  from 
25  to  35  per  cent  of  the  earth-moving 
cost  may  generally  be  made  on  aver- 
age projects. 

The  concrete-paving  studies  have 
had  a  similar  purpose,  i.  e.,  to  de- 
velop precisely  the  reasons  why  pro- 
duction so  commonly  fails  to  reach 
rates  theoretically  attainable.  The 
observations  made  have  clearly  estab- 
lished these  reasons,  and  the  bureau 
has  induced  a  number  of  contractors 
to  make  the  changes  in  operating 
methods  shown  to  be  necessary  with 
the  most  striking  results. 

In  one  case  production  under  the 
contractor's  management  had  av- 
eraged 36  lineal  feet  of  pavement  an 
hour  and  about  ISO  feet  a  day.  As  a 
result  of  suggestions  made  by  the 
bureau's  engineers  production  rose 
steadily  during  the  test  period  of 
about  a  month  to  an  average  of  62.5 
feet  an  hour  attained  during  the  last 
nine  days  and  the  daily  production  in- 
creased even  more  sharply  as  a  result 
of  the  elimination  of  heavy  time 
losses  which  had  the  effect  of  in- 
creasing the  length  of  the  working 
day.  The  effect  of  this  improvement 
was  to  reduce  the  labor  cost  from 
$0,457  per  square  yard,  which  had 
been  the  average  cost  to  the  contrac- 
tor, to  $0,203  per  square  yard. 

On  another  project  the  contractor's 
production  had  averaged  64  feet  an 
hour  and  486  feet  a  day.  The  sugges- 
tions made  by  the  bureau's  represen- 
tative raised  the  output  to  a  7-day 
average  of  97  feet  an  hour  and  a 
maximum  of  101  feet  for  121/2  hours, 
a  day's  run  of  1,263  feet.  In  this  case 
labor  had  cost  the  contractor  $0,207 
per  square  yard  of  pavement  laid  as 
against  a  cost  of  $0,128  per  square 
yard  for  the  last  week  of  the  test 
period.  Under  the  contractor's  man- 
agement 35,743  square  yards  were  laid 
in  slightly  over  two  months,  while 
during  the  last  week  of  the  test  period 
10,096  square  yards  were  laid,  and 
this  in  spite  of  the  fact  that  of  the 
six  working  days,  one-half  day  was 
lost  on  account  of  rain  and  another 
half  day  at  the  end  of  the  period  by 
the  completion  of  the  pavement  to  be 
laid  at  noon  of  the  last  day. 
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PHYSICAL   RESEARCHES  AND  TESTS 

These  investigations,  in  general, 
cover  researclies  tlie  aim  of  wliicli  is 
to  establish  facts  which  will  lead  to 
more  durable  and  economical  pave- 
ment design,  more  economical  use  of 
road  materials  and  better  combina- 
tions more  suitable  for  present  day 
heavy  motor-truck  traffic,  and  finally, 
to  obtain  data  which  will  serve  as 
the  basis  for  legislation  pertaining  to 
motor  vehicles  in  their  relation  to  the 
highways. 

Subgrade  materials. — The  work  on  sub- 
grade  materials  is  one  of  the  inajor 
research  projects.  This  work  is  sub- 
divided under  .several  headings,  which 
include  bearing  value,  determination 
of  physical  characterstics  of  subgrade 
materials,  the  effect  of  moisture,  and 
the  effect  of  alternate  freezing  and 
thawing ;  also  field  investigations  to 
determine  what  method  of  treatment  is 
necessary  to  properly  prepare  and  im- 
prove a  subgrade  preparatory  to  build- 
ing the  road  surface.  A  tentative 
classification  of  subgrade  material  has 
resulted  which  aids  in  interpreting 
and  predicting  subgrade  conditions. 
This  classification  requires  the  deter- 
mination of  several  physical  charac- 
teristics, the  tests  necessary  for  which 
have  been  further  revised  and  de- 
veloped. The  methods  of  examination, 
testing  and  treatment  of  subgrade 
materials  and  subgrades,  while  very 
greatly  advanced,  are  not  fully  satis- 
factory in  their  practical  application, 
and  the  main  effort  during  the  past 
year,  which  effort  is  to  be  extended, 
has  been  to  develop  simple  and  prac- 
tical methods.  A  general  subgrade 
map  of  the  United  States  has  been 
prepared. 

Measurements  of  stresses  under  actual 
road  conditions. — This  subject  includes 
the  determination  of  actual  stresses 
and  deflections  of  concrete  roads  of 
different  designs  and  of  specially  con- 
structed roads  under  the  influence  of 
actual  trafl3c.  As  a  result  of  the  in- 
vestigation the  distribution  of  stresses 
in  road  slabs  under  heavy  traffic  has 
been  discovered  and  this  investigation 
in  connection  with  others  already  con- 
ducted has  resulted  in  a  more  rational 
method  for  the  design  of  concrete 
road  surfaces.  These  researches  on 
road  design  have  undoubtedly  had 
very  great  influence  in  producing 
much  more  durable  and  economical 
pavements  throughout  the  country 
than  have  been  built  in  the  past,  and 
millions  of  dollars  were  saved  in  the 
past  year  alone  through  the  use  of 
designs  thus  established.     Thirty-three 


of  the  States  have  now  adopted  the  de- 
sign which  these  investigations  and 
others  have  brought  about. 

Bridge  design. — -A  series  of  tests  to 
determine  the  action  and  strength  of 
skew  arches  has  just  been  fiui.shed. 
These  studies  have  been  conducted 
over  a  period  of  two  years.  Some 
very  definite  and  positive  results  have 
been  obtained  showing  the  distribution 
of  the  load  reactions  and  thrust  on 
skew  arches,  which  are  of  vital  inter- 
est to  engineers  engaged  in  bridge  de- 
sign. 

Measurement  of  impact  of  motor  trucks.^ — - 
This  project  has  been  conducted  in  co- 
operation with  The  Rubber  Associa- 
tion of  America  and  the  Society  of 
Automotive  Engineers  over  a  period 
of  about  two  years.  Its  purpose  is 
to  determine  the  destructive  effect  of 
motor  trucks  on  road  surfaces.  The 
impact  of  motor  trucks  has  been 
determined  under  a  variety  of  condi- 
tions of  load,  speed,  type  of  truck,  tire 
equipment,  and  character  of  road  sur- 
face, and  the  results  of  the  tests  have 
made  it  possible  to  predict  the  relative 
eff'ect  of  motor  trucks  on  roads  under 
the  several  conditions. 

Nonbituminous  road  materials. — Miscel- 
laneous small  tests  have  been  con- 
ducted to  establish  particular  facts  in 
conection  with  the  use  of  materials 
from  certain  sources  of  supply.  As 
the  result  of  these  special  tests,  ma- 
terials have  been  made  available  for 
use  which  previously  had  been  thought 
to  be  unsuitable.  Additional  work 
has  been  done  during  the  past  year 
in  devising  an  abrasion  test  for  con- 
crete sands  which  will  indicate  the 
quality  of  the  grains.  A  number  of 
samples  of  sand  have  been  subjected 
to  a  special  abrasion  test  using  the 
Deval  abrasion  cylinder,  and  prelimi- 
nary conclusions  indicate  that  the 
test  gives,  in  general,  a  good  idea  of 
the  durability  of  the  grains. 

A  considerable  amount  of  work  has 
been  done  on  the  question  of  size  and 
shape  of  screen  openings  for  sieving. 
This  is  a  matter  which  is  involved  in 
specifications  for  materials  and  which 
has  caused  considerable  trouble  in  the 
past. 

A  new  device  has  been  constructed, 
after  investigation,  which  satisfac- 
torily measures  the  consistency  of  con- 
crete in  the  field  as  well  as  in  the 
laboratory.  In  view  of  the  established 
fact  that  the  proper  consistency  is 
the  chief  factor  in  controlling  the 
strength  of  concrete,  the  importance 
of  this  development  can  not  be  over- 
emphasized.   Its  use  should  make  pes- 
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sible  the  construction  of  concrete 
structures  of  considerably  higher 
strength  and  greater  durability  than 
those  built  in  the  past. 

Apparatus  has  also  been  devised 
for  measuring  the  pressure  in  molding 
cement  briquettes,  which  will  make  for 
greater  uniformity  in  testing  and  cor- 
respondingly less  contention  in  regard 
to  the  acceptance  of  cement  based  on 
tests.  Tests  have  also  been  conducted 
looking  toward  the  determination  of 
the  effect  of  quality  of  cement  on  the 
compressive  strength  of  Portland- 
cement  concrete.  An  extensive  series 
of  tests  has  been  run  on  high-alumina 
cement,  wliich  recently  has  been  used 
extensively  for  special  work  in  con- 
nection with  highways  and  bridges. 
These  tests  aid  in  establishing  the 
limitations  of  the  cement,  the  condi- 
tions under  vrhich  it  should  be  used, 
and  the  way  it  should  be  handled. 

A  series  of  investigations  to  deter- 
mine the  cause  of  scaling  of  concrete 
roads  has  also  been  fini.shed.  Five 
hundred  and  twenty-six  specimens  of 
concrete  were  subjected  to  freezing 
and  thawing,  and  the  various  factors 
thought  to  be  productive  of  scaling 
were  investigated.  Many  of  the  speci- 
mens scaled  or  completely  disinte- 
grated in  from  40  to  140  alterations  of 
freezing  and  thawing. 

Bituminous  road  materials. — A  second 
series  of  33  experimental  test  sections 
was  constructed  on  the  circular  road- 
way at  the  Arlington  Experimental 
Farm  during  July,  1924,  comprising 
among  others  five  pavements  employ- 
ing as  many  different  sand  mixtures. 
The  latter  were  designed  for  the  par- 
ticular study  of  variations  in  propor- 
tions of  the  mixture.  After  the  in- 
stallation of  devices  for  the  measure- 
ment of  temperatures  and  movement 
of  the  pavement,  traffic  was  operated 
from  August  to  November,  using  a 
loaded  5-ton  motor  truck.  The  effect 
of  traffic  was  observed  almost  immedi- 
ately on  certain  sections,  diminishing 
as  the  weather  became  cooler.  Traffic 
was  resumed  in  the  spring  and  is  now 
demonstrating  decided  differences  in 
behavior  between  a  number  of  the  sec- 
tions. 

Closely  related  to  the  latter  investi- 
gation is  the  one  involving  laboratory 
tests  of  the  same  mixtures  used  in 
the  circular  track  tests.  These  tests 
furnish  a  means  of  correlating  service 
behavior  vpith  laboratory  determina- 
tions of  relative  stability  for  the 
many  possible  combinations  of  mate- 
rials. The  first  phase  of  the  labora- 
tory investigations  is  the  development 


of  a  test  or  tests  for  differentiating 
between  mixtures  of  known  behavior 
under  traffic  and  evaluating  their  rel- 
ative resistance  to  displacement.  The 
laboratory  has  concentrated  on  this 
problem  during  the  past  year  and  has 
developed,  first,  a  method  of  forming 
the  test  specimens  and,  second,  a  test 
by  which  the  resistance  of  the  speci- 
mens to  deformation  in  a  confining 
mold  is  measured.  The  testing  pro- 
cedure was  recently  described  in  a 
paper  delivered  before  the  American 
Society  for  Testing  Materials.  Re- 
sults obtained  during  the  development 
of  the  test  are  very  promising,  and  a 
continuation  of  the  study  will  furnish 
an  increasing  fund  of  data  to  be  used 
in  the  determination  of  those  propor- 
tions and  characteristics  of  the  as- 
phalt, sand,  and  dust  which  will  pre- 
vent or  limit  the  waving  of  asphalt 
pavements  under  heavy  traffic. 

The  work  of  standardizing  bitumi- 
nous materials  and  methods  of  test- 
ing is  carried  on  largely  in  coopera- 
tion with  technical  committees  of  Gov- 
ernment and  national  organizations. 
Assisting  in  the  work  of  the  Federal 
Specifications  Board,  the  bureau  has 
taken  part  in  compiling  a  series  of 
specifications  for  bituminous  and  non- 
bituminous  road  materials.  Those  for 
the  most  important  bituminous  mate- 
rials have  been  adopted  by  the  board, 
and  those  for  nonbituminous  mater 
rials  are  now  in  the  final  stages  of 
their  preparation.  The  bureau  has 
also  assisted  in  the  work  of  the  tech- 
nical committee  on  liquid  fuels  and 
lubricants.  In  connection  with  the 
work  of  the  American  Society  for 
Testing  Materials,  in  addition  to  gen- 
eral participation  in  the  discussions 
of  committees,  laboratory  work  has 
been  accomplished  on  extensive 
studies  of  tests  for  the  asphaltic  con- 
tent of  road  oils  and  the  distillation 
of  tars  or  similar  products. 

Field  experiments. — Field  experiments 
have  been  conducted  with  the  object 
of  improving  the  service  value  of  the 
low-type  roads  such  as  earth,  sand- 
clay,  top  soil,  and  gravel.  In  Iowa 
and  South  Dakota  short  experimental 
sections  of  earth  road  have  been  con- 
structed with  admixtures  of  hydrated 
lime  and  Portland  cement,  with  the 
idea  of  stabilizing  the  soil  and  ren- 
dering it  less  muddy  in  wet  weather. 
In  South  Carolina  two  experimental 
sections  have  been  constructed  involv- 
ing the  surface  treatment  of  top-soil 
roads  in  different  ways  and  with  dif- 
ferent kinds  of  bituminous  materials. 
Preliminary  work  has  also  been  begun 
on  a  special  experiment  on  the  Mount 
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Vernon-Gum  Spring  Road  in  Virginia, 
which  will  later  be  given  special  treat- 
ments in  further  development  of  this 
type  of  surfacing  for  automobile  :nid 
motor-bus  traffic. 

Cooperative  investigations. — The  coo]ier- 
ative  researches  with  a  number  of  in- 
stitutions were  continued  during  the 
past  year,  involving  investigations  of 
road  materials,  subgrade  materials, 
design,  and  economics.  The  agencies 
engaged  in  cooperative  work  with  the 
bureau  and  the  general  subjects  of 
their  investigations  are  as  follows : 

Purdue  University :  Investigations 
on  highway  concrete. 

Iowa  State  College :  Tractive  resist- 
ance of  motor  vehicles,  highway-bridge 
impact,  loads  on  highway  culverts,  and 
effect  of  pavement  characteristics  on 
fuel  consumption. 

University  of  Georgia :  Sand-clay 
and  topsoil  road  investigations. 

Kansas  State  College:  AViud-resist- 
ance  investigations. 

University  of  Kansas :  Tire  wear  as 
alfected  by  the  type  of  road. 

Pennsylvania  State  Highvv'ay  De- 
partment :  Guard-rail  investigations 
and  special  investigations  of  concrete 
highway  design. 

Ohio  State  University:  Field  and 
laboratory  investigations  of  subgrades. 

Johns  Hopkins  University :  Physical 
investigations  of  concrete  under  im- 
pact. 

Cooperation  was  also  given  to  the 
Delaware  River  Bridge  Joint  Commis- 
sion in  connection  with  the  floor  sys- 
tem and  pavement  of  the  new  Dela- 
ware River  suspension  bridge  between 
Philadelphia  and  Camden. 

Testing  higWay  materials. — Routine  ex- 
aminations of  both  bituminous  and 
nonbituminous  road  materials  is  one 
of  the  important  functions  of  the  bu- 
reau laboratories.  These  examina- 
tions are  made  primarily  on  materials 
used  in  Federal-aid  road  construction 
or  in  the  construction  of  forest  roads. 
Results  of  tests  on  such  materials  are 
sent  to  a  large  number  of  laboratories 
performing  tests  on  Federal-aid  sam- 
ples in  order  that  these  laboratories 
may  have  a  check  on  their  results 
against  those  obtained  by  the  bureau. 
Cooperative  tests  were  conducted  with 
approximately  50  of  the  road  ma- 
terials testing  laboratories  of  the 
country,  and  a  number  of  tests  were 
made  in  cooperation  with  laboratories 
at  their  special  request  in  order  to 
check  their  personnel  and  equipment. 
Instruction  in  materials  testing  was 
given  to  personnel  from  four  of  the 
district  offices. 


ECONOMIC  RESEARCHES 

The  purposes  of  the  bureau's  high- 
wa.v  economic  research  are  to  obtain 
the  facts  and  determine  the  principles 
which  mu.st  be  the  basis  of  the  plan- 
ning and  construction  of  the  highway 
system  which  will  produce  the  most 
adeciuate  and  economical  highway 
service.  These  fundamental  purxioses 
ma.v  be  summarized  under  the  follow- 
ing headings : 

(1)  To  further  apply  bu.siness  prin- 
ciples to  highwaj^  planning  and  ad- 
ministration. This  involves  an  analy- 
sis of  the  demand  for  highway  service 
and  a  study  of  the  most  efficient  and 
economical  methods  of  providing  it. 

(2)  To  establish  scientific  methods 
of  planning  a  highway  system,  and  to 
set  up  scientifically  planned  highway 
development  programs.  This  involves 
two  factors : 

(«)  The  determination  of  the  high- 
way improvements  which  are  econom- 
ically justified  by  the  comparison  of 
costs  of  the  improvement  Vv'ith  the 
value  of  the  service  yielded  by  the 
improvement,  and 

(  h )  The  planning  of  the  highway 
development  program  which  will  yield 
the  maximum  service  for  a  given  ex- 
penditure of  funds,  and  the  scientific 
determination  of  the  order  of  improve- 
ment of  the  various  highways  within 
the  system. 

(3)  To  establish  sound  and  equi- 
table principles  governing  the  distri- 
bution of  highway  costs.  A  scien- 
tiflcially  planned  highway  system  can 
not  be  developed  unless  the  costs  of 
the  improvement  are  equitably  dis- 
tril)uted  in  proportion  to  the  service 
yielded.  The  establishment  of  sound 
principles  of  highway  finance  requires 
an  accurate  evaluation  of  the  service 
of  the  highways  to  various  individ- 
uals imd  classes  of  society,  the  an- 
alysis of  the  present  distribution  of 
highway  costs,  and  the  comparison 
of  these  costs  with  the  value  of  the 
service. 

(4)  To  determine  the  place  of  high- 
way transportation  in  our  transporta- 
tion system,  and  to  establish  the  prin- 
ciples of  coordination  between  high- 
way transportation  and  other  forms 
of  transportation  in  order  to  develop 
the  most  efficient  general  transporta- 
tion system.  This  involves  a  study  of 
the  present  u.ses  and  volume  of  high- 
way transportation,  and  a  comparison 
of  highway  transportation  with  other 
methods  of  transportation  with  refer- 
ence to  costs,  service,  stability,  and 
probable  future  development. 
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TYPES     OF     ECONOMIC     RESEARCH 

With  these  purposes  in  view  a  com- 
prehensive program  of  economic  re- 
search has  been  inausurated  and  is 
progressing  rapidly.  Highway  trans- 
l>ortation  and  highway  phmning  inves- 
tigations liave  been  completed  in  Cal- 
ifornia, Connecticut,  Maine,  and  Cook 
County.  111.  Field  work  has  been 
compltted  on  a  similar  project  in 
Pennsylvania,  and  similar  work  is 
now  in  progress  in  Ohio.  These  inves- 
tigations include  the  collection  of  com- 
plete traffic  data  upon  the  highway 
system  of  each  area  and  provide  basic 
data  requred  for  the  establishment 
of  a  scientific  improvement  program, 
as  well  as  very  valuable  information 
regarding  highway  transportation  in 
relation  to  other  forms  of  transporta- 
tion. 

A  series  of  investigations  dealing 
more  particularly  with  the  tield  and 
scope  of  motor-truck  transportation, 
and  supplementing  the  data  obtained 
in  the  transportation  and  planning  in- 
vestigations, is  also  in  progress.  The 
results  of  studies  of  motor  trucking  in 
the  Chicago  metropolitan  area,  made 
in  connection  with  the  Cook  County 
transportation  survey,  and  dealing 
with  the  organization,  operation,  and 
costs  of  motor  trucking,  together  with 
trucking  rates  and  principal  commod- 
ities hauled  by  motor  truck,  v.ill  soon 
be  ready  for  publication.  Similar  In- 
A'estigationt;  are  also  in  progress  in 
the  New  England  and  Middle  Atlantic 
States. 

A  third  type  of  researcli,  dealing 
with  the  problems  of  highway  financ- 
ing, is  also  in  progi'ess.  Large  high- 
way revenues  are  annually  collected 
from  riiral  real  estate  through  general 
property  taxes  and  also,  in  some  juris- 
dictions, through  si>ecial  assessments 
for  highway  construction.  It  is  the 
purpose  of  this  series  of  investigations 
to  measure  quantitively  the  effect  of 
highway  improvements  upon  the  value 
of  rural  land  and  to  ctimpare  this  ef- 
fect with  the  cost  to  the  land  of  the 
highway  improvements.  Field  work 
of  this  investigation  has  been  com- 
pleted in  selected  areas  of  the  State 
of  Iowa  and  in  an  intensive  dairying 
area  of  southern  Wisconsin  and  north- 
ern Illinois.  Data  will  also  be  ob- 
tained in  selected  areas  of  Ohio.  The 
report  of  these  stiidies  will  be  made 
upon  completion  of  the  field  work  in 
Ohio. 


RESULTS     OF    PLANNING    STUDIES     TO 
DATE 

These  studies,  which  have  been  un- 
dertaken in  California,  Connecticut, 
Maine.  Ohio,  Pennsylvania,  and  Cook 
Count.y,  111.,  have  produced  a  great 
deal  of  information  of  special  value 
to  the  authorities  exercising  jurisdic- 
tion over  the  highways  of  the  several 
areas.  In  the  State  areas  the  prob- 
lems have  involved  mainly  the  deter- 
mination of  the  relative  density  and 
character  of  traffic  on  the  various 
roads  constituting  the  State  highway 
system,  the  probable  increase  over  a 
period  of  years,  and  the  value  of  the 
traffic  as  a  basis  for  a  definite  pro- 
gram of  improvement  and  a  fair  dis- 
tribution of  the  cost. 

In  Cook  County  the  problem  was 
considerably  more  complicated,  the 
need  more  urgent,  and  the  findings 
and  recommendations  are  therefore  of 
particular  interest.  A  serious  condi- 
tion of  congestion  exists  on  the  county 
highways  adjacent  to  the  city  of  Chi- 
cago. This  condition,  recognized  by 
city,  county,  and  State  authorities, 
prompted  the  making  of  the  survey 
as  a  means  of  establishing  the  facts 
of  the  situation  and  indicating  the 
remedies. 

It  is  not  possible  in  this  report  to 
refer  to  the  details  of  the  findings  and 
recommendations  in  each  area,  but 
there  are  a  number  of  general  con- 
clusions, common  to  all,  the  more  im- 
portant of  which  may  be  mentionetl 
as  follows : 

(1)  It  is  possible  by  such  investi- 
gations to  indicate  not  only  the  high- 
ways upon  which  the  need  for  im- 
provement is  greatest  but  also  to  indi- 
cate the  type  and  design  required  to 
carry  the  traffic  adequately  on  any 
route.  They  also  prevent  errors  in 
the  selection  of  routes  for  improve- 
ment and  in  the  selection  of  proper 
type  and  design  for  these  improve- 
ments. The  prevention  of  such  errors 
on  one  route  may  result  in  a  saving 
equal  to  the  entire  cost  of  the  investi- 
gation. 

(2)  The  classification  of  highways 
on  the  basis  of  present  and  future 
traffic  importance  and  the  selection 
of  the  most  suitable  type  of  highway 
surface  to  serve  traffic  depends  upon 
the  type  of  traffic  units  as  well  as  the 
number  of  these  units.  The  more  im- 
portant considerations  are : 

(a)  Density  of  present  and  future 
total  traffic. 
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(ft)  The  ratio  of  trucks  to  total 
vehicles. 

(c)  The  proportion  of  trucks  of 
large,  medium,  and  small  capacity. 

((/)   The  maximum  wheel  loads. 

(e)  The  frequency  of  heavy  gross 
loads  and  wheel  loads. 

In  individual  cases  other  factors 
must  be  considered,  but  in  general  the 
most  important  considerations  are 
those  above  mentioned.  The  final  se- 
lection of  the  type  of  highway  surface 
depends  upon  certain  physical  con- 
siderations, such  as  topography,  drain- 
age, soil  and  subgrade  conditions, 
availability  and  cost  of  materials,  as 
well  as  upon  traffic  considerations. 

(3)  A  definite  program  of  the  order 
of  improvement  of  various  highways 
is  essential  to  the  production  of  effi- 
cient and  economical  highway  service. 
Investigations  in  the  several  States 
have  demonstrated  the  urgent  need 
for  improvement  of  certain  highway 
routes  or  sections  of  such  routes.  Un- 
improved or  insufficiently  improved 
sections  of  important  traffic  routes 
prevent  the  full  utilization  of  the  en- 
tire route.  To  obtain  the  maximum 
service  from  the  highway  system  it  is 
essential  that  these  sections  be  given 
priority  in  the  improvement  program. 
Investigations  also  indicate  that  upon 
insufficiently  improved  important  traf- 
fic routes  maintenance  costs  become 
excessive.  In  the  interest  of  economy 
as  well  as  of  highway  service  such 
routes  must  be  given  priority  in  the 
improvement  program. 

(4)  The  traffic  importance  of  the 
various  roads  of  the  highway  system 
provides  the  only  proper  index  for  the 
distribuition  of  highway  funds. 

(5)  The  location  and  design  of 
highway  improvements  must  consider 
future  developments  in  traffic  as  well 
as  present  traffic.  Investigations  com- 
pleted indicate  that  in  various  areas 
traffic  using  the  highways  in  1930  will 
be  from  100  to  120  per  cent  greater 
than  in  1924.  Highway  programs 
must  be  developed  to  adequately  serve 
this  great  expected  increase  in  traffic. 

(6)  Important  passenger  -  traffic 
routes  are  in  general  identical  with 
important  truck-traff.c  routes.  The 
ratio  of  trucks  to  passenger  cars 
■varies  considerably  on  different  routes, 
but  exclusive  truckhig  or  exclusive 
passenger-car  routes  are  practically 
unknown  in  the  States  where  traffic 
has  been  analyzed,  and  important  pas- 
senger-car routes  that  are  not  also  im- 
portant trucking  routes,  or  vice  versa, 
are  few  in  number. 


(7)  Important  traffic  routes  are 
generally  found  in  the  areas  of  dense 
population  and  intensive  industrial 
development.  The  population  aud  in- 
dustrial development  of  the  area 
served  by  highways  are  important  fac- 
tors in  the  determination  of  the  traffic 
upon  the  route.  On  highways  con- 
necting two  centers  of  population  the 
population  and  industrial  develop- 
ment of  the  centers  and  the  distance 
between  them  are  important  traffic 
factors.  This  relationship  between 
population  and  highway  traffic  indi- 
cates the  necessity  of  considering 
population  and  industrial  distribution 
in  the  planning  of  a  highway  system. 

(8)  Highways  in  the  proximity  of 
important  industrial  centers  not  only 
carry  a  large  number  of  trucks  but 
also  carry  a  high  proportion  of  large- 
capacity  trucks  with  resulting  heavy 
gross,  axle,  and  wheel  loads. 

(9)  On  heavy-traffic  routes  consid- 
erations of  economical  highway  serv- 
ice as  well  as  of  safety  demand  the 
removal  of  every  obstruction  to  the 
free  flow  of  traffic.  Traffic  congestion 
points  such  as  railway  intersec- 
tions, important  highway  intersec- 
tions, traffic  "  bottle  necks,"  narrow 
bridges,  and  narrow  or  partly  ob- 
structed streets  in  villages  through 
which  the  route  passes,  lower  the 
capacity  of  the  entire  route  and  are 
economically  unjustified. 

(10)  The  provision  of  adequate  en- 
try Vv'ays  for  heavy-traffic  routes  into 
large  cities  is  an  important  highway- 
planning  problem.  The  convergence 
of  several  routes  at  one  city  gateway 
and  the  lack  of  adequate  connections 
between  these  highways  and  city 
streets  are  frequent  causes  of  conges- 
tion. In  the  congested-traffic  areas 
adjacent  to  the  larger  cities  traffic- 
sorting  routes  and  belt  highways  as 
well  as  adequate  city  connections  are 
essential. 

(11)  The  development  of  a  high- 
way system  to  adequately  serve 
traffic  needs,  particularly  in  the  sub- 
urban areas  surroiinding  large  cities 
is  frequently  obstructed  by  the  lack 
of  provision  of  adeciuate  right  of  way. 
A  scientific  plan  of  highway  develop- 
ment should  include  the  acquisition  of 
right  of  way  adequate  to  provide  effi- 
cient service  for  the  expected  de- 
velopment of  the  area.  Unless  such 
right  of  waj'  is  acquired  before  the 
development  of  a  suburban  area,  spe- 
cial-use districts,  such  as  railway 
yards,  industrial  plants,  parks,  etc.. 
may  prevent  the  natural  development 
of    the    highway    system    as    well    as 
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greatly    increase    the    cost    of    future 
acquisition. 

(12)  Highway  traffic,  both  of  pas- 
senger cars  and  motor  trucks,  is  pre- 
dominantly loca^  in  nature.  Long- 
distance movement  is  important  on 
certain  routes,  but  even  in  these  cases 
the  long-distance  traffic  is  a  relatively 
small  part  of  total  traffic.  The  results 
of  the  Connecticut  transportation  sur- 
vey indicate  that  55.7  per  cent  of  all 
passenger  cars  make  an  average  trip 
of  less  than  20  miles  and  72  per  cent 
less  than  40  miles. 

(13)  Truck  traffic  is  primarily  a 
short-haul  movement.  The  average 
trip  mileage  varies  considerably  in 
different  areas,  but  in  the  areas 
studied  between  55  and  70  per  cent  of 
all  loaded  trucks  travel  less  than  20 
miles  per  trip,  and  between  75  and  80 
per  cent  have  an  average  trip  mileage 
of  less  than  30  miles. 

THE    MOTOR-TRUCK   INVESTIGATIONS 

The  investigations  dealing  more 
particularly  with  the  field  and  scope 
of  motor-truck  transportation  and  its 
cooi'dination  with  other  t.vpes  of 
transportation  are  still  in  progress 
and  conclusions  are  therefore  less  defi- 
nite. The  following  important  con- 
clusions are  evident : 

(1)  The  movement  of  consumption 
goods  and  other  goods  to  their  place 
of  final  use  is  the  most  important  mo- 

•  tor-trucking  movement.  The  hauling 
of  perishable  foodstuffs  forms  an  im- 
portant part  of  this  movement. 

(2)  In  the  Chicago  area  it  was 
found  that  the  hauling  by  motor  truck 
of  perishable  foodstuffs  originated  at 
railway  team  tracks,  auction-house 
team  tracks,  storage  houses,  boat 
wharves,  railway  express  terminals, 
parcel-post  terminals,  and  at  original 
producers  in  the  territory  surround- 
ing the  terminal  area. 

(3)  In  the  same  area  the  principal 
factors  affecting  the  movement  of  per- 
ishable commodities  by  motor  truck 
are : 

(a)  The  nature  of  the  commodity. 
Highly  perishable  commodities  must 
be  moved  at  once,  either  to  market  or 
to  storage. 

,  V )  Trade  practices  and  market  or- 
ganization. The  centralization  of  the 
produce  market  has  resulted  in  con- 
gestion of  motor  trucking  around 
these  markets. 

(c)  Fluctuation  of  receipts.  The 
daily  and  seasonal  fluctuations  in  re- 
cepts  creates  a  problem  of  unused 
equipment  during  periods  of  small 
receipts  and  problems   of  traffic   con- 


gestion   during    periods    of    large    re- 
ceipts. 

(d)  Fluctuations  of  market  de- 
mand. Heavy  buying  days  in  con- 
trast with  light  buying  days  also  re- 
sult in  problems  of  unused  equipment 
and  traffic  congestion. 

(e)  Physical  facilities  at  truck- 
loading  points.  Lack  of  adequate  de- 
sign of  railroad  team  tracks  and  other 
truck-traffic  loading  points  for  motor- 
truck use  frequently  results  in  con- 
gestion and  delay. 

(4)  Commercial  motor  trucking  is 
a  relatively  small  part  of  total  motor 
trucking.  On  Cook  County  highways 
83  per  cent  of  all  trucks  are  owned  by 
the  owner  or  shipper  of  the  commod- 
ity hauled. 

(5)  Within  the  commercial-haulage 
industry  a  tendency  toward  concentra- 
tion is  evident.  In  the  Chicago  area 
approximately  one-fourth  of  the  firms 
own  three-fourths  of  the  equipment, 
employ  three-fourths  of  the  employees, 
and  receive  three-fourths  of  the  gross 
revenue. 

(6)  A  tendency  toward  the  use  of 
trucks  of  smaller  capacity  (3%  tons 
or  less)  in  place  of  trucks  of  5-ton  and 
larger  capacities  is  apparent.  In  cer- 
tain areas  the  smaller  trucks  are  be- 
ing equipped  with  larger  bodies. 

(7)  There  is  a  decided  lack  of 
standardization  in  the  commercial 
trucking  business.  Few,  if  any,  stand- 
ard record  or  shipment  forms  are  used, 
particularly  by  the  smaller  companies. 
Complete  operating-cost  records  for 
individual  trucks,  or  even  for  fleets  of 
trucks,  are  unknown  to  most  compan- 
ies. A  few  of  the  larger  and  better 
organized  trucking  companies  keep 
cost  records,  but  the  cost  systems  as 
well  as  the  analysis  of  costs  and  the 
application  of  the  results  as  a  central 
factor  in  management  can  be  consid- 
erably improved.  The  creation  of  a 
depreciation  fund  to  replace  worn-out 
equipment  is  practically  unknown 
among  the  smaller  companies. 

INVESTIGATIONS  OF  THE  EFFECT  OP 
HIGHWAY  IMPROVEMENT  ON  LAND 
VALUES 

Investigations  of  the  effect  of  high- 
way improvements  upon  rural  land 
values  are  still  in  progress  and  final 
conclusions  are  not  available.  It  is 
apparent,  however,  that  there  is  a  re- 
lationship between  highway  improve- 
ments and  rural  laud  values,  and  that 
this  relationship  is  measurable.  The 
eft'ect  of  highway  improvements  upon 
the  value  of  such  land  varies  with  sev- 
eral factors,  and  in  general  agricultu- 
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ral  areas  the  variation  in  value  result- 
ing from  different  types  of  highway  im- 
provement is  but  a  small  part  of  the 
total  farm  value.  In  special-culture 
areas  such  as  intensive  dairy  or  truck 
farming  sections  highway  improve- 
ments may  be  expected  to  have  a 
greater  etfect  upon  land  values  than 
in  general  agricultural  areas. 

IRRIGATION  INVESTIGATIONS 

The  irrigation  investigations  con- 
ducted by  the  bureau  all  have  for 
their  purpose  the  promotion  of  the 
economical  use  of  water.  The  need 
of  research  of  this  character  has  never 
been  greater  than  it  is  at  present.  In 
the  early  days  of  irrigation  farming 
the  supply  of  water  was  greater  than 
the  demand.  This  condition  led  nat- 
urally to  the  development  of  wasteful 
practices  in  the  use  of  water  which 
now  must  be  abandoned  not  only  be- 
cause the  demand  is  now  in  many 
sections  greater  than  the  supply,  but 
also,  in  some  cases,  because  the  ex- 
cessive use  of  Waaler  has  caused  the 
soil  to  become  water-logged. 

The  general  problem  is  being  at- 
tacked from  several  angles.  Natur- 
ally the  first  is  the  water  requirement 
of  the  crops  to  be  grown.  How  much 
water  do  they  needV  What  method  of 
irrigation  is  most  favorable  to  the 
production  of  each,  and  at  the  same 
time  most  economical.  At  what  stages 
of  the  growth  is  the  water  required 
and  in  what  volume?  Such  questions 
as  these  we  are  endeavoring  to  answer 
in  the  studies  of  water  reqi;irements 
of  crops  conducted  in  cooperation  with 
the  New  Mexico  Agricultural  Experi- 
ment Station  and  with  the  department 
of  engineering  and  the  agricultural 
experiment  station  of  California.  The 
former  work  has  consisted  of  a  study 
of  various  field  crops  and  truck.  In 
California  the  water  requirements  of 
alfalfa  have  been  studied  at  Delhi, 
and  of  crops  on  the  delta  lands  at  the 
mouth  of  the  Sacramento  and  San 
Joaquin  Rivers.  Other  studies  of  the 
requirements  of  rice  have  been  made 
in  the  Sacramento  Valley. 

A  bulletin  on  "  Water  Requirements 
of  the  Arable  Lands  of  the  Great 
Basin "  is  now  being  printed  and  a 
second  publication  of  the  series,  en- 
titled "  Water  Requirements  of  the 
Arable  Lands  of  the  Missouri  River 
Valley,"  is  in  course  of  preparation. 
The  New  Mexico  Agricultural  Experi- 
ment Station  will  publish  a  report 
prepared  by  the  bureau  on  "  Net  Re- 
quirements of  Crops  for  Irrigation 
Water    in    the    Mesilla    Valley,    New 


Mexico,"  based  on  the  cooperative 
studies  conducted  for  the  past  several 
years ;  and  the  department  of  engi- 
neering of  California  has  already  pub- 
lished the  results  of  the  cooperative 
work  in  that  State  on  cost  of  water 
to  irrigators. 

The  object  of  scientific  irrigation  is 
to  supply  the  volume  of  water  re- 
quired by  the  particular  crop  to  be  ir- 
rigated and  no  more.  The  volume  of 
water  applied,  however,  and  the  rate 
of  application  should  bear  a  close  re- 
lation to  the  water -holding  capacity 
of  the  soil.  Only  the  water  that  is 
held  by  the  soil  within  reach  of  the 
plant  roots  is  of  benefit  to  the  crop. 
Heavy  irrigation  of  soils  of  low  wa- 
ter-holding capacity  is  uneconomical, 
because  the  water  quickly  sinks  into 
the  soil  beyond  the  reach  of  the  plant 
roots.  The  immediate  object  of  the 
studies  of  water-holding  capacity 
which  have  been  continued  during  the 
past  year  is  to  determine  what  rela- 
tion, if  any,  exists  between  the  water- 
holding  capacity  of  various  soils  un- 
der field  conditions  and  the  moisture 
equivalent  of  the  same  soils  as  deter- 
mined by  the  centrifuge  method  in 
the  laboratory.  The  ultimate  pur- 
pose is  to  provide  a  basis  for  estimat- 
ing the  water-holding  capacity  under 
the  field  conditions  by  means  of  the 
standard  laboratory  test  on  samples 
of  the  soil. 

A  large  number  of  the  field  studies 
have  been  completed  and  determina- 
tions have  been  made  of  the  moisture 
equivalent  of  the  soils  so  studied. 
These  have  developed  inconsistencies 
of  such  prominence  as  to  demand  ex- 
planation. The  relation  existing  be- 
tween certain  physical  properties  of 
the  sample,  such  as  its  size,  and  the 
resulting  moisture  equivalent  as  deter- 
mined in  the  usual  way  has  been  de- 
termined and  there  is  now  under  in- 
vestigation the  relation  of  the  alkaline 
content  of  the  samples  to  the  moisture 
equivalent  and  the  effect  of  leaching 
alkali  soils  upon  the  moisture  equiva- 
lent. These  studies  wall  be  continued 
as  time  and  opportunity  afford. 

The  question  frequently  arises  in 
connection  with  the  drainage  of  irri- 
gated lands,  as  to  how  much  of  the 
water  in  saturated  soil  will  be  re- 
moved by  drains  placed  at  given 
depths  below  the  surface.  This  ques- 
tion inchides  also  the  distribution  of 
moisture  not  removed  by  drainage. 
These  questions  are  receiving  special 
field  study  as  time  permits. 

Prominent  among  the  losses  in- 
curred in  the  use  and  distribution  of 
water  are  those  resulting  from  evap- 
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oration,  both  from  free-water  sur- 
faces, such  as  the  surfaces  of  reser- 
voirs, and  from  relatively  saturated 
soil.  Considerable  additional  data 
have  been  obtained  during  the  past 
year  on  evaporation  from  a  free-water 
surface,  particularly  at  the  Fort  Col- 
lins (Colo.)  hydraulic  laboratory,  and 
a  progress  report  of  this  work  has 
been  prepared.  These  investigations 
are  being  extended,  in  cooperation 
with  the  Bureau  of  Reclamation,  to 
include  evaporation  losses  from  large 
bodies  of  water.  For  this  purpose  the 
East  Park  Reservoir  in  California  was 
selected.  The  natural  inflow  into  the 
reservoir  is  very  small  during  June 
and  is  easily  measurable.  During  the 
spring  accurate  measurements  were 
made  of  the  inflow  and  of  the  evapora- 
tion loss  as  determined  from  the 
lowering  of  the  elevation  of  the  lake 
surface,  there  being  no  outflow.  In 
addition  to  measurements  of  evapora- 
tion from  the  lake,  the  evaporation 
from  tanks  of  special  design  was  de- 
termined. Meteorological  observations 
were  also  made,  especially  as  to  air 
movement  and  temperature.  It  is 
hoped  to  continue  the.se  observations 
next  season.  Their  purpose  is  to  de- 
termine the  factors  of  relationship  be- 
tween the  loss  of  water  by  evapora- 
tion from  a  standard  evaporation  tank 
and  from  a  lake,  reservoir,  canal,  or 
tanks  of  various  sizes,  in  order  that 
the  results  of  experiments  made  with 
tanks  may  be  properly  interpreted. 

Additional  investigations  were  con- 
ducted to  determine  the  evaporation 
losses  from  a  relatively  saturated  soil. 
For  this  purpose  cylindrical  tanks 
about  30  inches  in  diameter  and  2  to 
4  feet  deep,  filled  with  various  soils, 
were  sunk  in  the  ground  until  the 
tops  were  level  with  the  ground  sur- 
face. By  means  of  a  Mariotte  bottle 
the  elevation  of  free  water  was  main- 
tained at  a  constant  distance  below 
the  surface  of  the  soil  in  the  tanks. 
It  is  expected  to  continue  these  in- 
vestigations another  year  before  at- 
tempting to  draw  conclusions. 

A  report  on  seepage  losses  from  Cali- 
fornia canals  and  economic  means  for 
their  prevention  is  uearing  completion. 
Some  time  has  been  spent  on  similar 
studies  in  Texas,  and  a  complete  re- 
port will  probably  be  made  during  the 
coming  year. 

The  foregoing  projects  all  have  to 
do  more  or  less  directly  with  the  pre- 
vention of  water  loss.  Another  group 
of  investigations  has  been  carried  on 
with  the  object  of  improving  the 
methods    of    water    measurement    by 


which  the  quantities  supplied  to  ir- 
rigators are  regulated.  Studies  of  cur- 
rent meters  have  been  continued  with 
the  object  of  perfecting  the  mechan- 
ical features  of  these  instruments. 

The  improved  Venturi  flume  de- 
signed by  this  bureau  has  been  in- 
stalled at  the  Fort  Collins  and  Bellvue 
stations  in  Colorado  under  many  dif- 
ferent conditions  for  the  measurement 
of  quantities  of  water  varying  from 
a  few  to  200  or  300  .second-feet.  The 
wide  range  of  test  conditions  has  been 
made  possible  by  the  enlargement  of 
the  Bellvue  laboratory. 

A  recording  device  is  being  devel- 
oped for  use  with  the  new  Venturi 
flume  by  the  use  of  which  it  will  be 
possible  to  show  at  any  instant  the 
quantity  of  water  that  has  passed 
thi'ough  the  measuring  device,  and  in 
addition  the  quantity  passing  at  the 
time  the  instrument  is  read.  Some 
work  yet  remains  to  be  done  in  per- 
fecting this  instrument. 

Some  time  has  been  devoted  at  the 
Fort  Collins  laboratory  to  the  calibra- 
tion of  weirs  and  other  measuring  de- 
vices with  the  object  of  determining 
the  limiting  conditions  under  which 
they  can  be  used  satisfactorily  in  prac- 
tice. The  Colorado  work  at  both  sta- 
tions has  been  conducted  in  coopera- 
tion with  the  State  agricultural  ex- 
periment station. 

The  bureau  is  also  cooperating  with 
the  city  of  Denver  in  designing  various 
water-measuring  devices  to  be  used 
in  connection  with  the  Denver  water 
supply.  It  is  the  intention  to  test  the 
accuracy  of  these  devices  when  they 
are  installed. 

The  studies  of  silt  carried  in  the 
lower  Rio  Grande  of  Texas  and  in  the 
Colorado  River  have  been  continued. 
In  the  case  of  the  Colorado  River  in- 
vestigations the  preliminary  investi- 
gations have  bten  practically  com- 
pleted and  a  report  is  now  being  pre- 
pared giving  the  results  obtained  dur- 
ing the  past  12  or  more  years  in  coop- 
eration with  the  California  Depart- 
ment of  Engineering. 

Studies  of  methods  to  control  gravel 
in  small  streams  in  Utah,  mentioned 
in  previous  reports,  have  been  contin- 
ued and  extended.  New  structures 
have  been  put  in  between  Box  Elder 
County  on  the  north  and  Iron  County 
on  the  south  and  have  proved  very 
satisfactory  in  solving  this  vexing 
problem.  Although  the  flood  of  Utah 
streams  in  1924  was  not  excessive 
there  was  nevertheless  a  considerable 
run  of  gravel.  The  principle  involved 
in  the  control  of  the  gravel  is  that  of 
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checking  the  rate  of  flow  of  water, 
thereby  causing  a  deposition  of  a  part 
of  the  load  of  debris  carried  by  the 
stream.  Measurements  of  the  quan- 
tity of  gravel  deposited  this  year  are 
being  made  and  the  cost  of  the  con- 
trol measures  adopted  will  be  deter- 
mined. It  is  expected  in  the  future 
to  malie  this  project  subordinate  to 
the  project  of  utilizing  stream  flow  for 
irrigation  purposes.  A  complete  re- 
port of  the  work  is  in  preparation. 

The  field  work  on  the  flow  of  water 
iu  metal  pipes  has  been  completed  and 
the  preparation  of  the  report  is  now 
under  way.  Additional  tests  have 
been  made  on  the  flow  of  water  in 
flumes  and  in  a  short  time  the  field 
work  will  be  completed  and  the  prep- 
aration of  a  report  begun.  Some  ad- 
ditional tests  were  made  on  the  flow 
of  water  in  large  concrete  pipes  at 
Tulsa,  Okla.,  and  Denver,  Colo. 

In  cooperation  with  the  Bureau  of 
the  Census  and  the  Bureau  of  Agri- 
cultural Economics,  the  bureau  has 
collected  considerable  data  in  the 
West  on  the  sale  and  settlement  of 
land  iuj  irrigation  enterprises  and  the 
cost  of  farming  under  irrigation.  In 
connection  with  the  special  agricul- 
tural census  of  1924  and  1925  a  ques- 
tionnaire was  prepared  jointly  by  the 
two  bureaus  of  the  Department  of 
Agriculture,  and  special  enumerators 
were  employed  to  collect  the  data. 
This  information,  together  with  that 
previously  collected,  is  the  basis  upon 
which  there  is  now  being  prepared  a 
bulletin  on  the  subject.  It  is  expected 
to  continue  and  enlarge  somewhat 
upon  certain  features  of  this  work. 

The  study  of  drainage  run-off  from 
irrigated  lands  has  been  made  a  major 
project.  This  question  is  of  impor- 
tance iu  that  run-off  is  the  basis  for 
the  determination  of  the  required 
capacity  of  drains.  Conditions  on  ir- 
rigated lands  are  so  varied  that  an 
extended  investigation  appears  neces- 
sary. The  plan  provides  for  the  se- 
curing of  run-off  data  from  drained 
areas  in  most  of  the  States  of  the 
AVest.  In  conjunction  with  this,  in- 
formation will  be  secured  as  to  the 
quantity  of  water  applied,  the  propor- 
tion of  the  whole  area  in  crops,  the 
structure  of  the  soil  and  subsoil, 
meterological  data,  and  such  other 
features  as  may  have  a  bearing  upon 
the  question.  Use  will  be  made,  as 
far  as  possible,  of  data  obtained  by 
other  agencies.  The  Bureau  of  Recla- 
mation has  a  large  amount  of  infor- 
mation on  the  subject,  as  have  many 
of  the  irrigation  districts. 


Other  investigations  the  result  of 
which  will  shortly  be  published  in- 
clude the  study  of  methods  of  water 
delivery  which  was  begun  in  1923,  a 
study  of  the  operations  of  mutual  wa- 
ter companies,  and  the  study  of  .the 
drainage  of  irrigated  lands  in  the  Salt 
River  Valley,  Ariz.,  by  means  of 
pumping  from  wells. 

The  bureau  is  frequently  called  upon 
by  other  public  as  well  as  private 
agencies  to  make  special  investiga- 
tions and  reports.  During  the  past 
year  about  15  per  cent  of  the  work  in 
connection  with  irrigation  has  been  of 
this  character.  On  account  of  the 
necessity  of  devoting  more  time  to  re- 
search this  advisory  work  is  being 
gradually  curtailed. 

Some  time  has  been  devoted  to  as- 
sisting in  the  organization  of  drainage 
districts  in  irrigated  sections.  Ob- 
servations have  been  made  of  the 
methods  employed  for  the  drainage 
of  irrigated  lands  and  intensive 
studies  of  such  systems  have  been 
made  in  some  cases.  Some  attention 
has  also  been  given  to  the  drainage  of 
so-called  "  alkali  lands." 

At  the  request  of  the  Bureau  of 
Reclamation  of  the  Department  of  the 
Interior,  a  report  has  been  made,  in 
cooperation  with  the  soils  department 
of  the  Oregon  Agricultural  College, 
upon  the  agricultural  and  economic 
feasibility  of  the  proposed  Vale,  Oreg., 
irrigation  project. 

A  report  of  a  similar  nature  was 
made  on  the  Jefferson  Water  Con- 
servancy District  in  Oregon,  at  the 
request  of  the  governor  and  State  en- 
gineer of  Oregon,  the  investigation 
being  made  in  cooperation  with  the 
division  of  soils  of  the  Oregon  Agricul- 
tural College,  and  the  State  engineer. 
Later  the  governor  requested  the  Bu- 
reau of  Reclamation  to  become  a  party 
to  the  investigation  since  that  bureau 
might  be  asked  to  assist  in  or  take 
charge  of  the  building  of  the  project 
if  found  feasible.  Three  possible 
plans  were  presented  as  follows:  (1) 
The  financing  of  the  project  as  a 
water  conservancy  district  under  the 
State  laws;  (2)  the  cooperation  of 
the  Bureau  of  Reclamation  w'ith  the 
conservancy  district  to  the  extent  of 
building  the  dam  and  the  completion 
of  the  reservoir;  (3)  the  building  of 
the  entire  works  by  the  Bureau  of 
Reclamation. 

At  the  request  of  the  congressional 
representative  of  Chouteau  County, 
Mont.,  an  investigation  and  report 
was  made  upon  the  feasibility  of  a 
water  supply  for  domestic  and  stock- 
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watering  purposes  to  serve  the  Lone- 
some Prairie  section  of  that  county. 

DRAINAGE  INVESTIGATIONS 

The  investigations  of  run-off  from 
drained  agricultural  lands  in  the 
humid  sections  of  the  United  States 
have  been  continued.  The  studies  in 
the  vicinity  of  Cape  Girardeau,  Mo., 
consist  of  obtaining  rainfall  and  ruu- 
olf  data  from  one  small  watershed  of 
about  ISO  acres  with  rough  topog- 
raphy, from  three  hilly  watersheds 
ranging  in  size  from  10  to  35  square 
miles,  from  one  fiat  watershed  of 
about  25  square  miles  and  from  the 
watershed  of  the  main  diversion  chan- 
nel of  the  Little  River  Drainage  Dis- 
trict, about  1,200  square  miles  in  area. 
In  addition,  gaging  stations  and  slope 
courses  have  been  maintained  on  the 
diversion  channel  of  Little  River 
Drainage  District  and  the  St.  Francis 
River  Moodwuy  near  Marked  Tree, 
Ark.,  for  the  purpose  of  determining 
the  resistance  to  flow  in  cleared  flood- 
ways  and  for  different  conditions  of 
growth  on  floodways. 

The  results  of  measurements  made 
on  the  watershed  of  180  acres  afford 
information  of  value  in  the  design  of 
road  culverts,  hillside  diversion 
ditches  and  storm-water  sewers  drain- 
ing agricultural  areas.  The  data  ob- 
tained on  the  larger  hill  areas  are  of 
value  in  the  design  of  large  diversion 
ditches  and  floodways  and  in  the  de- 
sign of  sedimentation  basins  and  res- 
ervoirs for  flood  control.  The  run-off 
and  other  hydraulic  data  relating  to 
the  roughness  coefiicient  in  Kutters' 
formula  for  the  dredged  ditch  drain- 
ing flat  land  will  be  of  use  in  the  de- 
sign of  ditches  with  similar  watershed 
characteristics  in  this  and  other  sec- 
tions of  the  country.  A  progress  re- 
port of  the  investigations  up  to  Janu- 
ary, 1925,  has  been  distributed.  Sub- 
sequently additional  measurements 
have  been  made  following  a  rain  of 
almost  5  inches  over  the  various 
watersheds.  Ordinarily  such  a  rain 
would  have  caused  excessive  floods, 
but  owing  to  the  abnormally  dry  con- 
dition of  the  watersheds  the  maxi- 
mum rate  of  run-off  formerly  recorded 
was  exceeded  on  only  one  ditch.  This 
storm  brought  out  strikingly  the  ef- 
fect of  the  condition  of  the  watershed 
on  run-off. 

A  report  has  also  been  prepared  cov- 
ering the  investigations  on  the  flood- 
way  of  the  Little  River  Drainage  Dis- 
trict which  shows  conclusively  the  im- 
portance of  keeping  flood  ways  cleared 
of  growth  to  prevent  an  appreciable 


reduction  in  the  discharge  capacity, 
furnishes  hydraulic  data  for  use  in  the 
design  of  floodways  and  large  dredged 
ditches,  and  recommends  a  new 
method  for  computing  the  combined 
flow  in  a  channel  and  floodway  based 
upon  a  study  of  equal  velocity  curves 
in  the  ch.innel  and  adjoining  flood- 
way. 

The  run-off  investigations  at  Ur- 
bana.  111.,  mentioned  in  previous  an- 
nual reports,  have  been  continued. 
They  involve  the  collection  of  rainfall 
and  run-off  data  for  13  watersheds  and 
the  determination  of  the  roughness  co- 
efficient in  Kutter's  formula  for  the 
channels  draining  these  watersheds. 
Five  additional  stations  have  been  es- 
tablished during  the  past  year,  three 
of  these  on  dredged  ditches  and  two 
on  large  tile  outlets.  These  stations 
replace  five  of  the  old  stations  where 
fairly  complete  data  had  been  ob- 
tained. A  progress  report  on  these  in- 
vestigations covering  the  work  up  to 
January,  1925,  has  been  prepared,  so 
that  the  results  might  be  immediately 
available  to  engineers.  The  report 
shows  conclusively  that  where  ditches 
are  not  kept  clear  of  growth  a  very 
high  resistance  to  flow  obtains  which 
greatly  reduces  the  discharge  capacity 
as  compared  with  that  of  a  cleared 
ditch,  thus  indicating  that  the  main- 
tenance of  ditches  in  good  condition  is 
an  important  factor  in  obtaining  eflB- 
cient  drainage.  The  data  obtained 
will  be  of  use  in  the  redesign  of  many 
inadequate  drainage  ditches  through- 
out Iowa,  Illinois,  Indiana,  and  Ohio 
where  the  characteristics  of  the  water- 
sheds are  similar  to  those  investi- 
gated. 

Run-off  investigations  have  also 
been  continued  at  Cleveland,  Miss., 
and  a  progress  report  has  been  pre- 
pared covering  the  results  to  January, 
1925.  Rainfall  and  run-off  data  are 
collected  here  on  a  watershed  consist- 
ing of  practically  flat  land  and  a  de- 
termination made  of  the  roughness  co- 
efficient in  Kutter's  formula  for 
dredged  ditches  and  for  one  large 
natural  channel.  Two  new  gaging  sta- 
tions have  been  added  within  the  past 
year. 

Similar  investigations  have  been 
started  within  the  past  year  at  Mc- 
Gehee,  Ark.  Six  of  the  channels  on 
which  gaugings  are  being  made  are  in 
the  Cypress  Creek  Drainage  District. 
These  will  permit  of  a  comparison  of 
the  rates  of  run-off  obtained  in  this 
district  with  the  values  given  by  the 
run-off  curve  used  in  the  design  of 
these    channels,    and    which    is    quite 
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generally  used  by  practicing  engineers 
who  plan  drainage  improvements,  par- 
ticularly in  the  Mississippi'  Delta  re- 
gion. 

Ground-water  investigations  on  tiled 
areas  were  started  in  1925  on  the 
State  experimental  farms  near  Stone- 
ville,  Miss.,  and  Urbana,  111.  The  pur- 
pose is  to  obtain  much  needed  data 
on  the  design  of  tile-drainage  systems, 
such  as  the  proper  spacing  and  depth 
of  tile  for  different  types  of  soil.  The 
fluctuations  of  the  ground-water  level 
are  determined  by  means  of  test  wells. 

The  hydraulic-research  investiga- 
tions on  the  flow  of  water  through 
concrete  box  culverts  conducted  during 
the  past  fiscal  year  in  cooperation  with 
the  State  University  of  Iowa  have 
been  completed.  The  tests  made  on 
several  sizes  of  culverts  have  led  to 
the  development  of  new  discharge  for- 
mulas for  culverts. 

Tests  were  made  at  the  Iowa  labor- 
atory on  nine  different  types  of  cur- 
rent meters  to  determine  the  effect  of 
eddies  on  tbe  vatious  meters.  In 
addition,  tests  were  made  to  deter- 
mine the  effect  of  diagonal  currents 
on  meters.  The  Price  meters  were 
also  tested  with  each  meter  tipped 
upstream  and  downistream.  All  me- 
ters were  tested  in  four  velocities, 
namely,  1,  2,  3,  and  5  feet  per  second. 
The  results  of  the  tests  show  that  for 
certain  meters  the  impact  on  the  me- 
ter wheels  will  cause  an  over  regis- 
tration of  100  per  cent.  A  complete 
report  covering  the  investigations  will 
be  made  during  the  present  fiscal 
year. 

In  cooperation  with  the  University 
of  Minnesota  and  the  department  of 
drainage  and  waters  of  Minnesota  the 
bureau  is  continuing  the  investiga- 
tions of  the  effect  of  alkali  waters 
on  drain  tile  at  the  University  Farm, 
St.  Paul,  Minn.  This  laboratory  was 
established  July  1,  1921,  primarily  to 
facilitate  studying  the  effect  of  so- 
called  "  alkali "  water  on  drain  tile 
made  of  Portland  cement  concrete 
w'ith  special  reference  to  the  condi- 
tions of  southwestern  and  western 
Minnesota  where  tile  failures  in  pub- 
lic drains  were  first  noticed  early  in 
1919  and  have  continued  to  develop  up 
to  the  present  season.  In  1923  the 
work  of  the  laboratory  was  broadenetl 
to  include  studies  of  the  action  of  the 
peat  and  muck  soil  of  Minnesota  and 
Wisconsin  on  concrete  drain  tile.  The 
work  in  Wisconsin  is  being  conducted 
under  an  informal  cooperative  agree- 
ment with  the  department  of  agricul- 
tural engineering  of  the  University  of 
Wisconsin. 


Combined  with  the  research  work  a 
certain  amount  of  routine  work  is 
done  by  the  laboratory,  consisting  of 
testing  drain  tile  for  engineers,  manu- 
facturers, and  individuals,  and  exam- 
ining for  alkali  soil  waters  submitted 
by  engineers  from  areas  in  which  the 
use  of  drain  tile  is  contemplated. 

Experimental  cylinders  of  many  dif- 
ferent types  of  concrete  have  been 
exposed  to  artificial  sulphate  solu- 
tions in  the  laboratory  and  to  natural 
waters  under  various  field  conditions. 
These  conditions  are  briefly  as  fol- 
lows: 

Cylinders  have  been  stored  in  the 
laboratory  in  tap  water  very  low  in 
total  salts  and  compared  with  others 
installed  in  Medicine  Lake.  Minn., 
which  has  a  salt  content  of  4.5  per 
cent  consisting  almost  entirely  of  sul- 
phates. Drain  tile  have  been  laid  in 
soil  containing  various  percentages  of 
sulphates.  In  two  installations  the 
soil  is  well  drained ;  a  third  is  along 
the  margin  of  a  slough  where  the  bot- 
tom of  the  tile  is  continuously  wet 
and  the  top  usually  only  damp.  Drain 
tile  have  also  been  submerged  along 
the  margin  of  Medicine  Lake,  Minn. 
Cylinders  and  drain  tile  have  been  in- 
stalled in  peat  at  four  locations  in 
Minnesota  and  at  an  equal  number  of 
locations  in  Wisconsin.  In  some  cases 
the  s]iecimens  are  continuously  cov- 
ered with  water,  while  in  others  they 
are  merely  moist.  They  are  laid  at 
depths  varying  from  20  inches  to  5  or  6 
feet. 

As  yet  no  complete  report  has  been 
issued.  The  following  papers  have 
been  published  covering  various 
phases : 

Report  of  concrete-alkali  investigations 
in  Minnesota  1919-20.  Published  July. 
1921,  by  State  of  Minnesota,  Department 
of  Drainage  and  Waters. 

Laboratory  investigations  of  the  influ- 
ence of  curing  conditions  and  various  ad- 
nhixtures  on  the  life  of  concrete  stored  in 
sulphate  sohitions  as  indicated  bv  physical 
changes.  Proceedings  of  American  Society 
for  Testing  Materials,  Vol.   24.  Part  II. 

Curing  conditions  of  concrete  drain  tile. 
a  factor  of  resistance  to  sulphate  waters. 
Iti  Concrete,   June,   1924. 

Volume  change  a  measure  of  alkali  ac- 
tion.    In  Public  Roads,  June,   1924. 

Among  the  problems  confronting  the 
sugar-cane  grovrers  in  the  region  of 
the  Gulf  coast  of  Louisiana  are  those 
due  to  the  variable  rainfall.  Extended 
periods  of  excessive  rainfall  damage 
the  crop  with  more  or  less  frequency 
and  periods  of  drought  seriously  re- 
tard the  growth  at  others.  As  antici- 
pated, the  experiments  in  irrigation 
now  being  carrietl  on  by  the  bureau 
gave  gratifying  results  during  the 
past  season  with  its  very  scanty  rain- 
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fall,  whereas  those  in  connection  with 
drainage  were  not  so  conclusive. 
However,  it  is  only  the  average  re- 
sults over  a  period  of  years  that  can 
demonstrate  whether  a  profit  may  be 
expected  either  from  a  more  intensive 
drainage  or  from  irrigation,  and  the 
work  started  three  years  ago  accord- 
ingly has  been  continued. 

The  study  made  at  Cocoa,  Fla.,  of 
the  variation  of  soil  moisture  in  citrus 
groves  has  been  concluded,  and  the 
final  report  on  the  investigation  has 
shown  that  both  excess  of,  and  de- 
ficiency of  moisture  occur  much 
oftener  and  to  a  greater  extent  than 
had  hitherto  been  suspected,  and  indi- 
cate that  the  amount  of  moisture 
present  may  have  an  important  bear- 
ing on  the  life  of  the  trees. 

The  studies  of  erosion  from  culti- 
vated fields  were  continued  in  North 
Carolina.  It  was  found  that  the 
amount  of  soil  removed  from  the  plot 
where  the  heaviest  erosion  occurred 
during  one  period  of  heavy  precipita- 
tion exceeded  1  pound  per  square  foot 
of  area.  Further  study  is  needed  be- 
fore final  conclusions  are  drawn, 
but  it  is  hoped  that  these  investiga- 
tions will  afford  a  definite  answer  to 
the  farmer  who  wants  to  know  how 
to  vary  the  spacing  of  his  terraces  in 
order  to  insure  a  minimum  of  erosion 
with  as  few  terraces  as  possible. 

FARM  MECHANICAL  INVESTIGATIONS 

The  large  increase  in  the  cost  of 
producing  crops,  together  with  a  rap- 
idly decreasing  supply  of  farm  labor, 
has  accentuated  the  need  of  using 
more  power  and  mechanical  equip- 
ment in  performing  farm  work. 

During  the  past  75  years  the  vol- 
ume of  production  of  the  average  farm 
worker  has  increased  about  threefold, 
due  chiefly  to  the  substitution  of 
power  and  machinery  for  hand  meth- 
ods. Yet,  at  the  present  time,  the 
volume  of  production  per  worker 
ranges  from  about  12  crop-acres  per 
year  in  some  States  to  160  or  more  in 
others.  A  significant  fact  in  this  con- 
nection is  that  the  volume  of  produc- 
tion in  each  State  is  practically  in  the 
same  ratio  as  the  quantity  of  ma- 
chinery and  power  utilized  per 
worker. 

A  large  proportion  of  the  farms  are 
not  yet  using  efiicient  methods  of  pro- 
duction. This  is  either  because  of  a 
lack  of  appreciation  of  the  value  of 
modern  machinery,  insufficient  knowl- 
edge of  how  to  use  such  machinery, 
or  because  the  equipment  has  not  been 


properly     designed     to     meet     given 
conditions. 

Since  under  present  conditions 
power  and  labor  combined  represent, 
on  the  average,  approximately  60  per 
cent  of  the  total  cost  of  carrying  on  a 
farm  business,  and  as  these  two  items 
are  the  chief  ones  over  which  the 
farmer  can  exercise  direct  control, 
greater  opportunities  for  reducing  the 
cost  of  production  would  appear  to 
exist  through  increase  in  the  efiicient 
application  of  power  and  machinery 
than  by  any  other  means  now 
available. 

An  analysis  of  the  saving  in  labor 
and  reduction  in  production  costs 
that  may  be  obtained  by  using  various 
types  and  sizes  of  farm  equipment  is 
now  being  prepared  and  will  be  sub- 
mitted for  publication. 

An  appraisal  of  the  total  amount  of 
power  used  on  farms  in  the  United 
States,  completed  during  the  past 
year,  showed  that  agriculture  uses  as 
much  primary  power  as  all  manufac- 
turing and  public  utilities  combined. 
The  cost  of  this  power  exceeds  $3,000,- 
000,000  annually.  Approximately  00 
per  cent  of  the  power  utilized  is  sup- 
plied by  work  animals ;  21  per  cent 
by  tractors  and  motor  trucks ;  12  per 
cent  by  stationary  engines;  6  per 
cent  by  electrical  apparatus  and  1  per  * 
cent  by  windmills.  About  15  per  cent 
of  this  power  is  used  for  plowing  and 
listing  and  an  equal  amount  for  road 
hauling ;  7.5  per  cent  is  used  for  farm 
hauling;  7.5  per  cent  for  threshing; 
5  per  cent  for  irrigation  and  drainage 
pumping,  with  a  similar  amount  for 
fitting  ground,  planting,  seeding,  and 
haying;  5  per  cent  for  harvesting, 
and  about  4  per  cent  for  the  pumping 
of  water  for  domestic  purposes. 

Serious  difficulties  are  encountered 
in  the  efficient  use  of  power  for  farm 
work  due  to  the  extreme  seasonal  de- 
mands of  many  of  the  farm  commod- 
ities, the  diversity  of  the  operations, 
the  small  size  of  the  existing  power 
units  and  the  low-load  factor  or  small 
percentage  of  the  time  the  power  unit 
is  used.  As  the  result  of  these  vari- 
ables the  cost  per  unit  of  power  util- 
ized on  farms  is  relatively  high. 

Most  of  the  agricultural  machinery 
now  in  use  has  been  developed  to  the 
point  where  it  not  only  saves  labor 
but  in  most  cases  will  do  the  work 
considerably  better  than  it  can  be  done 
by  hand  methods.  However,  little 
scientific  study  has  been  devoted  to 
the  basic  requirements  of  the  opera- 
tions to  be  performed  or  to  ascertain 
whether  or  not  the  methods  used  ac- 
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complish  the  desired  results  with  a 
miiiimum  of  labor  and  power  input. 
Tests  conducted  at  one  of  the  experi- 
ment stations  have  shown  that  the 
power  required  to  cut  and  elevate  sil- 
age may  be  reduced  50  per  cent  by  em- 
ploying proper  speeds  and  a  blower  of 
proper  design.  What  saving  could  be 
shown  if  such  a  study  were  applied 
to  the  oldest  and  most  used  of  all 
farm  tools — the  plowV  The  funda- 
mental requirements  of  this  imple- 
ment are  still  undetermined :  and  no 
satisfactory  method  of  measuring 
the  actual  work  done  by  it  has  been 
developed.  Power  for  plowing  costs 
the  farmers  of  the  United  States  over 
half  a  billion  dollars  annually.  If, 
therefore,  a  reduction  of  only  10  per 
cent  in  the  draft  of  the  plow  could  be 
effected  a  very  considerable-  reduction 
in  the  cost  of  producing  crops  would 
be  realized. 

A  bulletin  has  been  issued  summariz- 
ing the  information  now  available  on 
the  use  of  power  in  agriculture  which 
is  intended  to  serve  as  a  basis  for 
further  research  into  the  problems  of 
the  more  elficient  use  of  Vjower  by  the 
agricultural  industry. 

As  a  step  toward  the  efficient  use 
of  implements  a  study  of  the  problems 
of  tractor  farming  in  California  was 
made  during  the  year  in  cooperation 
with  the  University  of  California.  A 
larger  amount  of  power  per  acre  is 
required  in  California  than  in  any 
other  State  and  this  item  of  expense 
is  a  serious  factor  in  the  cost  of  pro- 
ducing crops.  The  cost  of  horse  feed 
is  higli  and  horse  power  is  propor- 
tionately expensive.  However,  the 
types  of  farming  followed  in  Califor- 
nia are  especially  adapted  to  the  use 
of  tractor  power,  and  as  a  result  more 
than  half  of  the  field  power  is  supplied 
by  this  means.  Local  conditions  re- 
quire extra  care  on  the  part  of  the 
operator  and  special  contrivances  to 
keep  dust  from  the  wearing  parts  of 
the  tractor,  thus  presenting  mechan- 
ical probieaus  that  are  not  ordinarily 
encountered.  A  bulletin  is  in  prepara- 
tion in  which  it  is  intended  to  offer 
suggestions  and  instructions  to  oper- 
ators on  how  to  care  for  tractors  and 
obtain  satisfactory  results  in  their 
use,  and  also  to  impress  upon  tractor 
manufacturers  the  need  for  special 
dust-proof  construction  in  their 
product. 

The  design  and  size  of  tractors  has 
materially  changed  in  the  last  few 
years ;  hence  a  revision  of  Farmers' 
Bulletin  No.  1045,  "  Laying  out  Fields 
for   Tractor   Plowing,"    was   made   in 


cooperaticm  with  the  Bureau  of  Agri- 
cultural Economics. 

A  recent  trend  toward  the  use  of 
high-grade  fertilizers  has  introduced 
new  problems  in  methods  of  distribu- 
tion. In  order  to  study  the  best  form 
in  which  to  use  fertilizer  and  the  mo.st 
efficient  means  of  distributing  deiinite 
quantities  on  the  field,  a  study  of  the 
mechanical  problems  is  beiiig  con- 
ducted at  the  Arlington  Experimental 
Farm  in  cooperation  with  other  bu- 
reaus of  the  department.  Soon  after 
this  project  was  begun  it  was  real- 
ized that  the  physical  condition  of  the 
fertilizer  was  an  important  factor 
which  must  be  controlled.  Due  to  the 
hydroscopicity  of  the  fertilizer,  experi- 
ments were  required  to  determine  the 
best  conditions  for  handling  it.  ^'o 
carry  out  this  phase  of  the  work  a  wide 
range  of  air  conditions  was  required 
which  necessitated  the  construction  of 
an  especially  insulated  room  and  the 
design  and  installation  of  air-condi- 
tioning apparatus  for  controlling  tem- 
perature and  humidity.  The  project 
is  well  under  way  and  many  interest- 
ing facts  are  being  brought  to  light. 

Tlie  work  of  developing  and  testing 
cotton-dusting  machines  and  equii>- 
ment  for  spreading  insecticides  to 
poison  the  cotton-boll  weevil  has  been 
continued  through  the  year  in  cooper- 
ation with  the  Bureau  of  Entomology, 
with  headquarters  at  TuUulah,  La. 
Special  attention  has  been  given  to  the 
design,  construction,  and  testing  of 
improved  dtisting  apparatus  for  in- 
stallation in  airplanes.  Studies  have 
been  made  of  electrical  charges  im- 
parted to  dust  particles  when  deliv- 
ered from  ground  machines  and  air- 
planes and  also  of  the  atomizatiou  and 
vv'idth  of  spread  of  insecticide  dusts 
delivered  from  airplanes  and  different 
types  of  ground  machines.  Further 
work  will  be  done  during  the  coming 
year  to  determine  the  most  efficient 
manner  of  flying  for  cotton  dusting. 

The  investigations,  in  cooperatiou 
with  the  Bureau  of  Plant  Industry,  in 
connection  with  the  transportation  of 
fruits  and  vegetables  have  included  a 
continuation  of  the  study  of  the  effect 
of  body  icing,  or  the  placing  of  ice  in 
direct  contact  with  the  lading,  in  re- 
frigerator cars.  Preliminary  tests  in- 
dicated that  the  efficiency  of  the  floor 
insulation  in  cars  of  the  older  type  is 
appreciably  affected  by  the  Avater  from 
the  melting  ice.  Further  tests  with 
cars  of  modern  type  indicate  that  such 
cars  are  less  seriously  affected,  espe- 
cially when  new.  The  extent  to  which 
liability  to  damage  increases  with  the 
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length  of  service  of  the  car  has  not 
yet  been  determined.  This  worlv  will 
be  conducted  during  the  ensuing  year 
in  cooperation  with  the  Interstate 
Commerce  Commission. 

To  determine  to  what  extent  pre- 
cooliiig  can  be  effectively  employed  to 
replace  body,  icing,  a  portable  plant 
has  been  designed  and  is  being  con- 
structed. This  equipment  is  capable 
of  precooling  carload  shipments  and 
will  be  used  at  shipping  points  in  con- 
nection with  the  body-Icing  investiga- 
tions. The  same  equipment  will  be 
available  also  for  future  investigations 
of  the  ice-water  method  of  precooling 
fruits  and  vegetables  which  has  re- 
cently come  into  use  to  a  limited  ex- 
tent and  appears  to  present  important 
advantages  over  previous  methods  in 
the  shipment  of  certain  green  vege- 
tables and  fruits. 

Additional  electrical  and  refrigerat- 
ing machinery  and  equipment  have 
been  installed  at  the  cold-storage  lab- 
oratory, Arlington  Experimental  Farm, 
under  the  supervision  of  this  bureau. 
Because  of  the  many  requests  for 
advice  concerning  oil  burners  for 
house  heating,  an  investigation  is  be- 
ing conducted,  in  cooperation  with  the 
_  Bureau  of  Home  Economics,  to  obtain 
*  first-hand  information  in  regard  to  the 
efficiency  and  operating  characteristics 
of  commercial  oil  burners.  To  carry 
on  this  work  a  laboratory  was  fitted 
up  at  the  Arlington  Experimental 
Farm  with  four  different  sizes  of 
boilers  of  a  type  in  common  use  in 
average  dwellings.  So  far  15  makes 
of  burners  have  been  tested  to  deter- 
mine the  variation  in  fuel  consumption 
under  different  operating  conditions 
and  to  bring  out  other  economic  facts. 
This(  project  has  required  a  large 
number  of  tests  and  will  have  to  be 
continued  into  the  coming  year  before 
a  final  report  on  the  findings  can  be 
made. 

Farmers'  Bulletins  have  been  pre- 
pared to  furnish  information  on  the 
subjects  of  small  concrete  structures, 
rammed-earth  buildings,  farm  plumb- 
ing, and  farm  water  supplies,  and 
working  drawings  have  been  prepared 
for  special  types  of  farm  buildings. 
The  classified  list  of  farm-building 
plans,  prepared  jointly  with  the  State 
colleges  of  agriculture,  has  been  re- 
vised to  include  bulletins  and  recently 
issued  drawings. 

DISTRIBUTION    OF    SURPLUS    WAR    EX- 
PLOSIVES FOR  LAND  CLEARING 

On  July  1,  1924,  the  bureau  had  57,- 
092,000  pounds   of   smokeless  powder 


and  approximately  10,000,000  pounds 
of  sodium  nitrate  on  hand,  in  maga- 
zines at  Old  Hickory,  Tenn.,  and  at 
Tullytown,  Pa.  It  had  previously  in- 
vestigated the  problem  of  making  an 
economical  use  of  these  explosives  and 
had  developed  a  formula  for  a  com- 
mercial explosive  composed  largely  of 
the  two  ingredients.  The  name 
"  pyrotol "  was  given  this  explosive. 
Bids  for  the  preparation  of  100,000,000 
"pounds  of  the  explosive  were  received 
from  five  bidders  and  the  bid  of  E.  I. 
DuPont  de  Nemours  &  Co.  was  ac- 
cepted, but  before  the  contract  was 
signed  a  fire  at  the  Old  Hickory  pow- 
der plant  destroyed  about  20,000,000 
pounds  of  the  smokeless  powder  which 
was  to  have  been  made  into  pyrotol 
under  the  contract.  This  loss  de- 
creased the  quantity  of  pyrotol  to  be 
manufactured  from  100,000,000  pounds 
to  66,000,000  pounds.  However,  a 
contract  was  finally  signed  for  the 
preparation  of  the  smaller  quantity  of 
pyrotol  at  the  price  of  $0.0733  per 
pound  previously  submitted. 

Immediately  upon  the  signing  of  the 
contract  on  September  8,  1924,  the 
Dupont  Co.  began  the  manufacture  of 
pyrotol  at  three  of  its  plants  at  Barks- 
dale,  Wis.,  Dupont,  Wash.,  and  Gibbs- 
town,  N.  J.  The  shipments  made  from 
each  plant  are  shown  by  months  in 
Table  18. 

Table    18. — Pyrotol   shipments,    fiscal 
year  1925 


Month 

From 
Barksdale 

From 
DuPont 

From 
Gibbs- 
town 

1924 
August 

Pounds 

Pounds 

Pounds 
20,  400 
113,  350 
150,  350 
298,  450 
340, 000 

390, 000 
172, 100 
53,  350 

September 

October 

302,  700 

574.  600 

1, 060,  700 

694, 100 

243, 100 
754,  050 
843,  600 
1, 064,  250 
793, 950 
431,  500 

212,  550 
439. 300 
416,  500 
777,  300 

876,  900 
676,  700 
574,  750 
107,  250 
256, 450 
253,  600 

November.. 

December 

1925 

January 

February.. 

March 

April 

300, 800 

May 

174, 150 

June .  . 

235, 000 

Total. 

6,  762,  550 

4,  591, 300 

2,  247, 950 

The  total  production  at  the  three 
plants  for  the  fiscal  year  amounted 
to  14,352,200  pounds;  the  total  ship- 
ments as  shown  in  the  table  were  13,- 
601,800  pounds.  The  750,400  pounds  in 
storage  on  July  1,  1925,  were  distrib- 
uted   as    follows:  Barksdale,    335,250 
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pounds  :  DuPont,  346,700  pounds,  and 
Gibbstown,  68,450  pounds. 

Of  the  13,601,800  pounds  shipped, 
3,127,900  pounds  were  on  Government 
and  highway-construction  orders, 
10,473,500  pounds  were  for  agricul- 
tural use,  and  400  pounds  were  used 
for  experimental  purposes.  Table  19 
shows  the  distribution  by  States  of  the 
pyrotol  used  for  agricultural  purposes. 

Table  19. — DiMribution  of  pyrotol  for 
agricultural  purposes 


State 

Weight 

State 

Weight 

Pounds 

Pounds 

Alabama 

106,  500 

Nebraska 

79,  700 

Arkansas 

8,850 

New  Jersey.- 

2,600 

California 

64,  000 

New  York... 

15,  350 

Connecticut. 

18, 100 

N.  Carolina.- 

700,  150 

Georgia 

Idaho 

33, 200 

Ohio 

72,  000 

227,  900 

Oregon 

1,  021,  400 

Illinois 

44,  300 

Pennsylvania 

49, 000 

Indiana 

73,  500 

S.  Carolina. - 

101,  000 

Iowa 

280, 000 

S.  Dakota... 

59,000 

Louisiana 

15,  500 

Tennessee 

67,  600 

Maryland — 

9,000 

Texas. 

87,  100 

Michigan 

820,  800 

Virginia 

48,000 

Minnesota.  - - 

1, 947,  300 

Washington . 

1,  738,  450 

Mississippi.. 

18, 000 

W.Virginia.. 

250 

Missouri 

89,  600 

Wisconsin... 

2,  468,  500 

Montana 

206,  850 

Pyrotol  used  by  farmers  was  dis- 
tributed in  cooperation  with  the  State 
agricultural  extension  services  in  all 
the  States  listed  except  California, 
Connecticut,  and  Pennsylvania.  No 
charge  was  made  for  the  explosive  in- 
gredients furnished  by  the  Govern- 
ment but  the  farmers  were  required 
to  pay  for  the  cost  of  preparation,  the 
freight,  an  overhead  charge  of  one- 
half  cent  per  pound  to  this  bureau, 
and  an  equal  charge  to  the  State  ex- 
tension   service    for    its    expenses    in 


connection  with  the  distribution.  The 
overhead  fund  collected  by  the  bureau 
was  used  to  pay  the  cost  of  storing, 
guarding,  and  consolidating  the  sur- 
plus war  explosives  while  the  fund 
collected  by  the  States  was  used  for 
office  expenses  and  for  educational 
and  demonstration  work  in  connection 
with  the  distribution  of  the  pyrotol. 

The  pyrotol  distributed  during  the 
fiscal  year  1925  has  resulted  in  a  sav- 
ing to  farmers  of  at  least  $890,000. 
This  figure  was  obtained  by  comparing 
the  weighted  average  delivered  cost  of 
pyrotol,  namely,  8V2  cents  per  i)ound, 
with  17  cents  per  pound,  the  manufac- 
turer's delivered  price  on  an  equiva- 
lent quantity  of  commercial  explosive 
in  carload  lots.  If  the  usual  retail 
price  of  commercial  explosives  had 
been  used,  the  indicated  amount  saved 
would  be  several  million  dollars. 

The  indirect  benefits  to  the  farmers 
are  much  greater  than  the  mere 
money  saving  and  are  of  a  permanent 
character.  This  cheap  explosive  has 
been  used  by  the  agricultural  exten- 
sion service  to  interest  fanners  in  get- 
ting rid  of  stumps  and  bowlders  so 
that  the  area  of  cultivated  crops  per 
farm  can  be  increased  and  larger 
yields  per  acre  obtained.  The  exten- 
sion workers  have  preached  individual  • 
farm  efficiency  and  have  offei:ed  this 
cheap  explosive  as  one  means  of  get- 
ting farmers  started  along  this  line 
of  improvement.  At  least  95  per  cent 
of  the  pyrotol  distributed  to  farmers 
has  been  used  in  removing  stumps  and 
stones  from  cultivated  fields  and  in 
adding  a  few  acres  more  of  culti- 
vated land  to  existing  farms.  It  is 
safe  to  say  that  none  of  it  has  been 
used  to  induce  settlement  on  new  or 
cut-over  lands. 
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REPORT  OF  THE  CHIEF  OF  THE  BUREAU  OF  PUBLIC 

ROADS 


United  States  Department  of  Agriculture, 

Bureau  of  Public  Roads, 
Washington,  D.  C,  October  15,  1926. 

Sir  :  I  have  the  honor  to  submit  herewith  the  report  of  the  Bureau 
of  PubHc  Roads  for  the  fiscal  year  ended  June  30,  1926,  covering 
the  work  done  in  connection  with  the  construction  of  Federal-aid 
and  national  forest  roads  and  the  economic  and  physical  researches 
made  in  the  highway  field.  A  report  of  the  work  done  by  the  agri- 
cultural engineering  division  of  the  bureau  is  submitted  separately. 
Respectfully, 

Thos.  H.  Macdonald, 

CJiiei  of  Bureau. 
Hon.  W;  M.  Jardine, 

Secretary  of  Agriculture. 


PROGRESS  IN  FEDERAL-AID  ROAD 
CONSTRUCTION 

The  Federal-aid  road  projects  com- 
pleted during  the  fiscal  j^ear  contributed 
a  net  addition  of  9,417.3  miles  to  the 
mileage  of  improved  roads  in  the  Fed- 
eral-aid highway  system.  Added  to 
the  mileage  improved  with  Federal 
assistance  in  previous  years,  the  above 
brings  the  total  length  of  improved 
Federal-aid  roads  up  to  55,902.8  miles. 

At  the  close  of  the  year  construction 
was  in  progress  on  10,961.8  miles  and 
projects  involving  the  improvement  of 
2,469.5  miles  additional  had  been 
approved.  Including  the  mileage  of 
projects  in  these  latter  stages,  all  of 
which  is  included  in  the  Federal-aid 
system,  the  total  mileage  improved  or 
in  process  of  improvement  with  Federal 
aid  was  69,334.1  miles.  With  the 
exception  of  a  few  hundred  miles 
improved  prior  to  the  designation  of  the 
Federal-aid  highway  system  in  1921, 
all  of  this  mileage  is  included  in  the 
system. 

The  highways  included  in  the  system 
now  have  an  aggregate  length  of  182,- 
134.8  miles.  All  have  been  selected  by 
the  constituted  State  and  Federal 
highway  officials  as  essential  links  of  a 
system  adequate  for  the  accommoda- 
tion of  interstate  traflSc.  Naturally 
there  are  degrees  of  importance  even 
among  these  selected  roads,  but  com- 
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pared  with  the  3,000,000  miles  of  other 
highways  in  the  country  they  are  the 
most  important  of  the  'Nation's  high- 
ways and  their  improvement  is  abso- 
lutely essential  for  the  proper  accommo- 
dation of  interstate  highway  traffic. 

It  is  entirely  consistent  with  the 
interests  of  the  Federal  Government  to 
participate  in  the  improvement  of 
every  mile  of  the  designated  system,  but 
that  will  not  be  necessary.  With 
negligible  exceptions  the  roads  included 
in  the  Federal-aid  system  are  also  parts 
of  the  several  State  highway  systems. 
This  is  inevitable  from  the  fact  that 
important  interstate  roads  are  almost 
invariably  essential  State  arteries  also; 
and  because  of  its  importance  to  the 
States  a  very  considerable  mileage 
included  in  the  system  had  already 
been  improved  prior  to  its  designation. 

The  net  mileage  requiring  construc- 
tion in  order  to  complete- the  improve- 
ment of  the  system,  has,  therefore, 
always  been  considerably  less  than  the 
mileage  of  the  system,  and  the  work  of 
improvement  has  always  been  carried 
on  by  the  States  independently  as  well 
as  in  cooperation  with  the  Federal 
Government.  In  fact,  as  shown  in 
Table  1,  the  State  reports  indicate  that 
the  mileage  independently  improved 
is  in  excess  of  that  improved  with 
Federal  assistance;  so  that  it  is  probable 
that  the  mileage  within  the  system  at 
present  initially  improved  or  in  process 
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of  improvement  is  not  far  from  three- 
quarters  of  tlie  total. 

It  is,  however,  not  the  intention  to 
imply  that  the  work  of  improvement  is 
three-quarters  done.  Much  of  the 
betterment  that  has  been  effected  is 
merely  the  first  step  toward  the  improve- 
ment that  will  ultimately  be  required. 
Of  the  nearly  56,000  miles  improved 
with  Federal  aid  nearly  10,000  miles  are 
unsurfaced,  the  improvement  consist- 
ing merely  of  the  proper  grading  and 
draining  of  the  road  bed.  An  additional 
large  mileage  is  surfaced  with  sand-clay 
and  gravel. 

Table  1. — Federal-aid  mileage  com- 
pleted during  the  fiscal  year  1926, 
including  original  and  stage  construc- 
tion, compared  with  total  mileage 
completed  in  1925  by  the  State  highway 
departments 


Federal-aid 

Group  of 

States 

mileage 
(original 
and  stage 
construc- 
tion) com- 

Mileage 
completed 
by  State 
highway 
depart- 
ments, 1925 

Ratio  of 
Federal 
aid  to 

State 

pleted, 
fiscal  year 

progiani 

1926 

•  Miles 

Miles 

Per  cent 

New  England- 

Ifil.  4 

631.0 

25.  6 

Middle  Atlan- 

tic  

785.7 

1, 687. 4 

46.  G 

South  Atlantic. 

1,  239.  6 

3,  201.  9 

38.7 

East    North 

Central 

830.  8 

4,  321. 1 

19.4 

West    North 

Central 

3,  365.  3 

6,  538.  5 

51.5 

East    South 

Cental 

1, 046.  6 

1, 113.  5 

94.0 

West    South 

Central 

1,  384.  0 

3, 165.  9 

43.0 

Mountain 

1.  300.  fi 

1,  483.  1 

87.6 

Pacific 

490.4 

1,  009.  8 

48.6 

Total 

10,  610.  4 

23, 152.  2 

4.5.9 

As  traffic  is  constantly  increasing, 
these  roads  can  not  long  be  permitted 
to  remain  as  they  are,  and  there  is  a 
definite  agreement  between  the  State 
and  Federal  agencies  that  they  will  be 
further  improved  as  traffic  requires 
and  funds  for  the  purpose  become 
available. 

All  such  improvements  have  been 
made  in  conformity  with  the  policy 
of  stage  construction  under  which  the 
condition  of  the  highways,  where 
traffic  permits,  is  gradually  advanced 
to  the  ultimate  state  of  improvement 
with  high-class  surfacing  or  pavement 
by  successive  stages.  An  exactly  simi- 
lar policy  was  followed  b}^  the  builders 
of  the  railroads,  whose  first  object  was 
to  "get  the  traffic  through,"  leaving 
until  a  later  date  the  perfecting 
processes  of  ballasting,  banking  of 
curves,  etc.     It  is  the  onlj^  satisfactory 


method  of  dealing  with  the  conditions 
existing  in  many  of  the  Southern, 
Middle  Western,  and  Western  States 
in  which  there  are  thousands  of  miles 
of  main  road  still  entirely  devoid  of 
any  improvement  whatever. 

That  the  purpose  to  continue  the  im- 
provement as  required  is  being  con- 
scientiousl}^  fulfilled  is  indicated  by  the 
fact  that  during  the  fiscal  year  second- 
ary stages  of  improvement  were  com- 
pleted on  1,193  miles  previously  im- 
proved with  Federal  aid.  This  work, 
involving  the  construction  of  886.7 
miles  of  gravel  surfacing,  195.7  miles 
of  concrete  pavements,  and  smaller 
mileages  of  several  other  types  of  sur- 
facing, is  not  represented  in  the  9,417.3 
miles  reported  as  improved,  all  of 
which  was  original  improvement,  and 
does  not  add  to  the  total  of  55,902.8 
miles  improved  up  to  the  close  of  the 
year.  From  the  standpoint  of  the 
year's  work,  however,  it  does  represent 
an  accomplishment;  and  it  may,  there- 
fore, be  said  that  the  mileage  improved 
during  the  year  was  actually  10,610.3 
miles,  which  exceeds  the  performance 
of  any  previous  year  except  the  last 
when  11,328.6  miles  of  original  con- 
struction were  completed. 

IMPROVEMENT  OF    TRANSCONTINENTAL 
ROADS  APPROACHING  COMPLETION 

Ten  years  ago,  when  the  Federal-aid 
plan  was  adopted,  there  were  only  five 
States  in  which  there  was  a  single  im- 
proved trans-State  highway.  They 
were  Massachusetts,  Connecticut,  New 
York,  New  Jersey,  and  Maryland,  all 
Eastern  States,  and  all  of  that  small 
group  in  which  the  movement  for  better 
highways  was  begun  in  the  nineties. 

In  16  States  there  was  then  no  State 
highway  department  nor  the  semblancel 
of  a  plan  for  the  development  of' 
through  routes  across  the  State;  and 
even  of  those  States  in  which  a  recently 
created  State  agency  was  feeling  its 
way  toward  a  more  scientific  and  busi- 
nesslike administration  of  State  high- 
ways there  were  few  in  which  the  con- 
ception of  a  connected  State  highway 
system  had  yet  been  clearly  appre- 
hended. 

To-day  25  States  have  continuous!}' 
improved  highways  entirely  across 
them  in  at  least  one  direction  and  16 
of  these  have  completed  such  trans- 
State  arteries  in  two  directions. 

It  is  the  primary  purpose  of  the 
Federal-aid  road  legislation  to  expedite 
the  continuous  improvement  of  such 
cross-State  highways  in  all  States  and 
finally  to  provide  a  completely  articu- 
lated system  of  main  interstate  high- 
ways  for   the    Nation.     The   goal,    as 
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represented  by  the  Federal-aid  high- 
way system,  is  clearly  defined  and 
progress  toward  it  has  proceeded  for 
the  last  five  .years  at  least  without 
deviation.  That  progress  will  be  con- 
tinued with  a  more  pronounced  single- 
ness of  purpose  in  the  future  until  it 
shall  be  possible  to  travel  by  highway 
without  obstacle  in  any  direction  across 
all  States  and  throughout  the  Nation. 

There  is  now  one  transcontinental 
road  which  is  97  per  cent  improved. 
It  extends  from  Washington  through 
St.  Louis,  Texarkana,  and  El  Paso  to 
San  Diego.  Of  its  entire  length  93 
per  cent  is  surfaced  and  4  per  cent  is 
merely  graded  and  drained;  and  of  the 
surfaced  portion  more  than  half  is  im- 
proved with  bituminous  macadam  or 
better  and  the  remainder  is  gravel. 
From  Washington  to  St.  Louis  there 
is  no  unimproved  section  and  nearly 
96  per  cent  is  surfaced  with  bituminous 
macadam  or  some  higher  tjpe  of  pave- 
ment. From  St.  Louis  to  Texarkana 
2  per  cent  of  the  distance  is  unim- 
proved and  63  per  cent  is  improved 
with  a  gravel  surface,  the  rest  with 
superior  types.  From  Texarkana  to 
El  Paso  there  are  unimproved  sections 
to  the  amount  of  4  per  cent  of  the  dis- 
tance, gravel  surfaces  50  per  cent,  and 
bituminous  macadam  or  better  the  rest 
of  the  way;  and  from  El  Paso  to  San 
Diego,  with  the  exception  of  6  per  cent 
of  the  distance,  the  route  is  surfaced 
60  per  cent  with  gravel  or  equivalent 
and  the  remainder  with  pavements  and 
surfaces  of  higher  types. 

This  road  from  W^ashington  to  San 
Diego  is  more  nearly  completed  than 
any  other  transcontinental  route.  Of 
its  total  length  of  3,133  miles,  2,907 
miles  are  surfaced  and  131  miles  are 
graded  and  drained,  leaving  only  95 
miles  without  improvement. 

Next  in  point  of  improvement  is  the 
route  from  Atlantic  Citv,  N.  J.,  to 
Astoria,  Oreg.  Of  its  total  length  of 
3,240  miles,  one-eighth  is  still  unim- 
proved, nearly  another  eighth  is  graded 
and  drained,  and  the  rest  is  improved 
with  some  form  of  wearing  surface.  Of 
other  east-and-west  routes,  that  from 
Norfolk,  Va.,  to  Los  Angeles  is  68  per 
cent  improved;  and  from  Chicago  to 
Los  Angeles,  partly  by  this  same  line, 
is  63  per  cent  improved.  From  Boston 
to  Seattle  through  the  northern  tier  of 
States  the  most  direct  through  road  is 
73  per  cent  improved  and  69  per  cent 
surfaced  either  with  permanent  or  tem- 
porar}'  surfacing. 

TYPES  OF  FEDERAL-AID  ROADS 

The  9,417.3  miles  involved  in  the 
projects  completed  during  the  year 
consist  of  2,161.3  miles  of  graded  and 


drained  earth  roads,  627.3  miles  sur- 
faced with  sand-clay,  3,274.1  miles  with 
gravel,  58.2  miles  with  water-bounrl 
macadam,  553.2  miles  with  bituminous 
macarlam,  179.6  miles  paved  with  bi- 
tuminous concrete,  2,464.3  miles  of 
Portland  cement  concrete,  78.1  miles  of 
brick,  anrl  21.3  miles  of  bridges  more 
than  20  feet  in  span. 

The  earth,  sand-clay,  and  gravel 
roads  are  mainly  in  the  South  and  in 
the  States  west  of  the  Mississippi. 
Of  the  6,062.7  miles  of  these  three 
types  completed  during  the  year  only 
187.4  miles  are  in  the"  Northern  and 
Eastern  States.  The  small  mileage 
of  water-bound  macadam  is  scattered 
among  the  States  of  all  geographic 
groups  except  the  Middle  Atlantic, 
West  North  C^entral,  and  Pacific;  and 
the  several  higher  types  of  construction 
including  bituminous  macadam  and 
better  are  found  in  all  sections,  forming 
the  highest  percentage  of  the  total 
however  in  the  Northern  and  Eastern 
States. 

A  similar  sectional  distribution  of 
the  several  types  of  construction  exists 
with  respect  to  all  highways  constructed 
with  Federal  aid;  and,  as  shown  by 
Table  1,  there  is  an  appropriate  rela- 
tion between  the  types  constructed 
in  the  various  geographic  sections  and 
what  may  be  termed  the  potential 
motor  vehicle  traffic  as  represented  by 
the  ratio  of  motor  vehicle  registration 
to  mileage  of  the  Federal-aid  system  in 
each  section. 

Table  2. — Relation  of  potential  motor 
vehicle  traffic  and  types  of  Federal- 
aid  roads  completed  to  June  30,  1926 


! 

Percentage  of  mile- 

1 Number 

age  of  roads  com- 

; of  motor 

pleted 

vehicles 

per  mife 

of 

Geographic  rtivi- 

Bitumi- 

Water- 

Federal- 

nous 

bouncJ 

aid  , 

macadam 

macadam 

system  i 

and 

and 

higher 

lower 

types 

types 

Middle  Atlantic- __ 

343 

98.5 

1  5 

New  England,. 

223 

70.8 

29.2 

Pacific 

193 

35.2 

64  8 

EastNorthCentral 

187 

70.3 

29  7 

South  Atlantic... 

85 

35.9 

64  1 

West  South   Cen- 

tra!  

74 

21.8 

78  2 

West  North   Cen- 

tral  

62 

14.2 

85.8 

East  South  Central. 

61 

25.5 

74  5 

Mountain 

32 

9.5 

90.5 

All  States 

109 

31.4  1 

68.6 

'  As  registered  in  the  several  States  during  the 
calendar  year  1925. 

In   Table   2  the  several  geographic 
divisions  are  arranged  in  the  descending 
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order  of  the  ratio  of  their  motor  vehicle 
registration  to  the  mileage  of  the 
Federal-aid  highway  system  in  each; 
and  it  will  be  observed  that  with  the 
e.xception  of  the  Pacific  and  East 
South  Central  groups  the  several 
divisions  would  be  rated  in  the  same 
order  on  the  basis  of  their  percentage 
of  mileage  suitable  for  medium  and 
heavy  motor  vehicle  traffic. 

In  addition  to  the  9,417.3  miles  of 
original  construction  completed  during 
the  year,  stage  construction  was  com- 
pleted on  1,193  miles,  all  of  which  had 
been  previously  constructed  to  lower 
tj'pe  with  Federal  aid.  This  secondary 
construction  was  divided  by  tj'pes  as 
follows:  Sand-claj'',  7.8  miles;  gravel, 
886.7  miles;  water-bound  macadam, 
6.8  miles;  bituminous  macadam,  46.3 
miles;  bituminous  concrete,  49.5  miles; 
Portland  cement  concrete,  195.7  miles. 

That  this  process  of  gradual  im- 
pi'ovement  is  being  continued  at  a 
desirable  rate  is  indicated  bj'  the  fact 
that  stage  construction  was  in  progress 
on  1,328.9  miles,  including  943.6  miles 
of  gravel,  75.3  miles  of  water-bound 
macadam,  36.5  miles  of  bituminous 
macadam,  44.9  miles  of  bituminous 
concrete,  227.8  miles  of  Portland 
cement  concrete,  and  0.8  miles  of  brick. 

Both  in  mileage  of  stage  construc- 
tion completed  and  in  mileage  under 
construction  the  West  North  Central 
States  led  all  other  groups  by  a  wide 
margin,  the  Mountain  and  South 
Atlantic  States  being  next  in  order. 
No  work  of  this  character  has  been 
undertaken  in  the  New  England  or 
Middle  Atlantic  States  and  only  a 
relatively  small  mileage  is  in  the  East 
North  Central  States.  From  Table  1 
it  will  be  observed  that  these  are  the 
groups  in  which  the  original  construc- 
tion is  predominantly  of  the  highest 
character,  and  in  which  there  is  con- 
sequently the  least  need  for  further 
improvement. 

In  view  of  the  general  increase  in 
motor-vehicle  traffic  throughout  the 
country  it  is  interesting  to  observe 
from  Table  3  that  the  greatest  increase 
in  mileage  was  of  those  types,  including 
the  gravel,  bituminous,  and  pavement 


types,    which    are    most    suitable    for 
motor-vehicle  traffic. 

Table  3. — Mileage  of  Federal-aid  high- 
ways at  the  close  of  the  fiscal  years 
1925    and    1926    and    -percentage    of 


Type 

Mileage 
at  close 
of  fiscal 
year  1925 

Mileage 
at  close 
of  fiscal 
year  1926 

Per- 
centage 
increase 
during 

fiscal 

year 

1926 

Graded  and  drained . 
Sand-clay 

9, 079.  2 
4,  446.  3 
18, 013. 8 

1, 032.  2 

2,  564.  2 
1,  370.  5 

9,  234.  6 
644.2 

■ .  (•.'■.3.  7 

'  1126.  2 

2!,  r.i,   < 

1,123.3 

3, 176.  3 
1,  626. 1 

11,976.6 
752.0 

6.3 
10  8 

Q  ravel - 

25.  1 

Water-bound    ma- 
cadam  

8.8 

Bituminous    ma- 
cadam     

23.8 

Bituminous  concrete . 

Portland    cement 

concrete .  . 

18.6 
29.3 

Brick .  . 

16.8 

Total 

46,  385.  0 

55,  781.  5 

20.2 

The  types  least  suitable  for  motor- 
vehicle  traffic  are  the  graded  and 
drained  earth  roads,  and  those  sur- 
faced with  sand-clay  and  water-bound 
macadam;  those  preeminently  adapted 
to  such  traffic  are  the  bituminous 
types,  concrete  and  brick.  Although 
the  new  construction  of  the  first 
groups  amounted  to  30.3  per  cent  of 
the  total  new  mileage,  the  net  addition 
of  mileage  of  this  character  was  only 
12.2  per  cent  of  the  total  net  increase; 
the  net  increase  of  the  t3'pes  most 
suitable  for  motor  traffic  was  39.5  per 
cent,  although  the  new  mileage  of 
these  tj'pes  constructed  was  only  34.9 
per  cent  of  the  total  new .  mileage. 
The  gravel  type,  which  is  the  cheapest 
type  capable  of  resisting  moderate 
motor-vehicle  traffic  and  the  usual 
choice  for  the  secondary  improvement 
of  earth  roads,  increased  48.2  per  cent 
in  net  mileage,  although  in  the  new 
construction  it  constituted  only  34.9 
per  cent.  These  differences  between 
the  new  construction  and  net  increases 
of  the  several  types  reflect  the  bene- 
ficial results  of  the  stage  construction. 
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TWENTY-ONE  MILES  OF  BRIDGES 
COMPLETED 

The  21.3  miles  of  bridges  completed, 
while  by  no  means  comparable  with 
the  large  completion  during  the  pre- 
ceding year,  represent  a  very  considera- 
ble addition  to  the  list  of  important 
bridges  constructed  with  Federal  aid. 
Including  the  structures  just  completed 
the  aggregate  length  of  all  completed 
bridges  was  121.6  miles. 

Alt'of  these  structures  are  more  than 
20  feet  in  span,  and  four  completed 
during  the  year  are  longer  than  a  mile. 
These  bridges,  which  are  among  the 
longest  in  the  country,  are  the  inter- 
state bridge  over  the  Savannah  River 


near  Savannah,  Ga.,  1.6  miles  in 
length;  the  bridge  over  the  Missouri 
River  near  Lexington,  Mo.,  1.4  miles 
long;  the  bridge  over  the  Raritan 
River  at  Perth  Amboy,  N.  J.,  1.6  miles 
long;  and  the  Lake  Champlain  bridge 
near  Milton,  Vt.,  which  is  1.2  miles  in 
length. 

A  list  of  the  bridges  completed  during 
the  year  which  cost  $75,000  or  more  is 
given  in  Table  4.  These,  the  longest 
structures  completed,  vary  in  length 
from  a  tenth  of  a  mile  to  more  than  13^ 
miles,  and  have  an  aggregate  length 
of  12.7  miles,  more  tlian  half  of  the 
mileage  completed.  The  remainder  is 
made  up  of  numerous  smaller  and  less 
expensive  structures. 


Table  4. — Federal-aid  bridges  completed  during  the  fiscal  year  1926  at  a  cost  of 

$75,000  or  more  each 


state 

Location 

Stream 

Length 

Alabama 

Between  Deniopolis  and  Livingston 

Tombigl/ee  River 

Shoal  Creek 

Van  Duzen  River 

Savannah  River 

do 

Chattahoochee  River  . 

Pearl  River 

Missouri  River 

do 

Miles 

0.  Tj 

Do- .- 

Between  Florpnce  and  Huntsville 

.2 

California.  _        _    

Between  Rio  Dell  and  Fortuna 

.2 

Georgia  (interstate) 

Do 

Georgia... 

Between  Augusta,  Ga.,  and  Ellenton,  S.  C 

Between  Savannah,  Ga.,  and  Ridgeland,  S.  C. 
Between  .Atlanta  and  Alpharetta ._    

.1 
1.6 
.2 

Mississippi - 

Between  Jackson  and  Forest. 

..3 

Missouri - __ 

At  Glasgow.. .    - 

.4 

Do 

Between  Waverlyand  Carrollton 

.4 

Do - 

At  Lexineton 

do 

1.4 

Nebraska 

Between  Broadwater  and  Bridgeport 

Platte  River 

Raritan  River 

New  Jersey _ 

At  Pertli  -\mbov . 

1.6 

Do 

At  Point  Pleasant .  ...    .. 

Mauasquan  River 

Chowm  River 

Arkansas  River 

Black  River 

Saluda  River 

Missouri  River 

Cumberland  River 

Caney  Fork  River 

Brazos  River..  . 

.6 

North  Carolina 

-"Vt  Winton ...    . 

.1 

Oklahoma 

Between  Cleveland  and  Hominy  . 

.3 

South  Carolina --_ 

At  Georgetown 

..5 

Do 

Between  Greenwood  and  Mount ville 

.2 

South  Dakota 

At  Chamberlain . 

.3 

Tennessee.. 

At  Clarksville 

.7 

Do ... 

Between  AIcMinnville  and  Sparta.  . 

.1 

Texas 

At  Riclimond .... 

.4 

Utah 

At  Riverdale...     .... 

Vermont-    -    ...    ... 

Between  Milton  and  South  Hero 

Lake  Champlain 

East  Fork  I-ewis  River 
Nooksack  River 

1.2 

Washington 

At  La  Center 

.2 

Do . 

Between  Ferndale  and  Bellingham. 

.2 

Total-    

12.7 

Reference  has  been  made  in  previous 
annual  reports  to  the  exceptional 
benefit  of  Federal  aid  in  the  construc- 
tion of  these  bridges,  especially  the 
longer  ones.  The  spanning  of  a  wide 
stream  is  an  expensive  undertaking 
and  calls  for  the  concentration  at  one 
point  of  a  sum  of  money  which  repre- 
sents often  a  considerable  part  of  the 
State  highway  revenues  available  dur- 
ing the  period  required  for  its  con- 
struction. Consequently  the  construc- 
tion of  such  bridges  is  put  off  sometimes 
indefinitely.  Yet  their  very  size  gives 
them  a  position  of  commanding  im- 
portance in  the  highway  system. 
Necessarily  the  number  of  crossings 
of  wide  streams  must  be  very  few.  If 
built,  therefore,  a  bridge  over  such  a 
stream    carries    a    traffic    which    con- 


verges upon  it  from  scores,  perhaps 
hundreds  of  miles  upstream  and  down, 
and  if  its  construction  is  dela5^ed 
traffic  on  a  main  State  and  interstate 
line  of  travel  may  be  diverted  a 
hundred  miles  or  more  out  of  the  direct 
course.  Faced  with  this  alternative  it 
is  easy  for  the  State  to  contemplate 
the  issuance  of  a  franchise  for  the  con- 
struction of  a  toll  bridge  and  thus 
avoid  the  necessary  outlay  of  capital 
and  put  the  burden  upon  the  users  of 
the  bridge — a  burden  which  includes 
a  profit  for  a  private  corporation  and 
which  must  still  be  borne  in  most  in- 
stances long  after  the  investment  has 
been  repaid  by  earnings. 

From  the  Federal  point  of  view  the 
matter  is  of  vital  interest  because,  as 
stated  above,  these  large  structures  are 
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focal  poiuts  of  traffic  and  almost  in- 
variably are  controlling  points  on  inter- 
state routes.  If  the  people  of  a  single 
State  are  willing  to  pay  toll  for  the  use 
of  a  necessary  bridge  within  their 
borders  they  liave  it  in  their  control 
to  deal  with  the  matter  in  that  way. 
But  when  the  Ijridge  in  cjuestion  lies 
upon  an  important  interstate  route  and 
is  used  regularly  by  citizens  of  an  ad- 
jacent State  which  has  perhaps  built 
similar  bridges  at  public  expense  which 
are  used  freely  by  the  citizens  of  the 
first  State,  an  interstate  question  of 
a  new  order  is  raised.  Such  a  case 
is  now  the  subject  of  controversy  be- 
tween two  of  the  States;  and  there  may 
he  many  others  in  the  future. 

There  would  seem  to  })e  no  more 
appropriate  use  of  the  Federal-aid  ap- 
propriations than  that  which  is  pre- 
sented by  such  structures — distinctly 
of  interstate  significance  whether  they 
lie  at  the  border  or  in  the  interior  of  a 
State.  It  is  possible,  under  the  law, 
for  the  Federal  Government  to  pay  a 
full  50  per  cent  of  the  cost  without 
regard  to  the  amount  so  long  as  it  is 
within  the  State's  apportionment.  By 
accepting  the  Federal  assistance  the 
State  relieves  its  budget  of  half  the 
total  cost  and  the  remainder,  if  financed 
with  State  bonds,  will  entail  a  smaller 
Ijurden  upon  the  citizens  of  the  State 
than  the  tolls  they  would  otherwise  pa.v 
t*o  a  bridge  building  corporation.  It  is 
to  be  hoped,  therefore,  that  as  many  as 
possible  of  such  important  bridges  may 
be  built  in  this  way  in  the  future;  and 
in  this  connection  it  is  gratifying  to  re- 
port that  arrangements  have  now  been 
made  to  finance  in  this  way  what  is 
])erhaps  one  of  the  four  or  five  most 
important  bridges  in  the  country — the 
l)ridge  over  the  Mississippi  at  Memphis. 

FEDERAL  AID  DOES  NOT  CAUSE  EXTRAVA- 
GANT STATE  EXPENDITURE 

The  total  cost  of  the  9,417.3  miles  of 
original  construction  and  the  1,193  miles 
of  stage  construction  completed  during 
the  year  was  $206,139,220.27,  of  which 
90,294,106.76  was  paid  by  the  Fed- 
eral Government.  These  expenditures 
were  made  over  the  period  required 
to  bring  the  above  mileage  to  com- 
pletion, approximately  two  years,  and 
during  the  same  period  additional 
expenditures  were  made  upon  other 
])rojects  under  construction. 

The  actual  disbursement  of  Federal- 
aid  funds  was  $87,754,534.57,  as  shown 
by  States  in  Ta!)le  5.  This  is  a  reduc- 
tion of  approximately  $8,000,000  be- 
low the  disbursement  of  the  preceding 


year,  and  further  reduction  may  be 
expected  in  the  future  as  accumulated 
balances  are  expended  and  the  program 
of  expenditure  reaches  the  rate  set  by 
the  annual  authorization  of  $75,000,000 
of  the  recent  past  and  immediate 
future. 

Table  5. — Federal-aid  disbursements  to 
States,  fiscal  year  1926 


state 


Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland..- 

Massachusetts. -- 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire - 

New  Jursey 

New  Mexico 

New  York 

North  Carolina.. 
North  Dakota  ... 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Rhode  Island 

South  Carolina.. 

South  Dakota 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

^Vashington. 

West  Virginia 

Wisconsin 

Wyoming 

Hawaii 


Total. 


Federal-aid 
disbursement 


$1,966, 

558, 

1,  710, 

S,  287, 

1,  468, 
179, 
317, 
836, 

2,  546, 

1,  211, 
2,061, 
2, 998, 
1, 179, 

2,  010, 
1. 629, 

738, 

428, 

982, 

1, 053, 

2,798, 

2,294, 

1,554, 

4,  015. 

659, 

1,  863, 

1,  453, 
298, 

2, 087, 
1, 020, 

4,  664, 
3, 082, 

925, 

2,  472, 
2, 887, 

1,  656, 

5,  772, 
285, 

1, 810, 
1,828, 

2,  364, 
5,  284, 

1,  081, 
415, 

2,  514, 
1,  430, 
1,  096. 
1,  700, 
1.212, 

57, 


619.  02 
251.  42 
136. 62 
067. 83 
873.84 
493. 71 
922.17 
169.  33 
473.  57 
467.29 
553.20 
195.  55 
173. 37 
983. 12 
262.  22 
714.  02 
522. 80 

038. 88 
331.  47 
228.48 
445. 91 
835.  53 
329.72 
904.88 
988.80 
240. 10 
143.  45 
825.  66 
042.23 
644.  62 
882. 17 
094. 42 
310.  12 
622.  14 
072. 98 
232.  58 
490.  94 
458.38 
659.29 
696.  15 
156. 01 
703. 45 
055.  81 
371.  36 
361.90 
945.  39 

875. 89 
767.  42 
899.  37 


87,  754.  534.  57 


As  the  annual  highway  expenditure 
of  the  country  is  in  excess  of  a  billion 
dollars,  the  Federal  expenditure  is  not 
over  8  per  cent  of  the  total.  And  the 
fact  that  the  percentage  of  interstate 
trafl^c  on  the  roads  of  practically  all 
States  equals  or  exceeds  that  figure 
is  evidence  that,  from  the  Federal 
point  of  view,  the  current  rate  of  ex- 
penditure is  not  excessive,  aside  from 
all  consideration  of  the  general  Federal 


BUREAU    OF   PUBLIC   EOADS ' 


and  interstate  benefits  derived  from 
the  resulting  improvements.  But  the 
Federal-aid  road  work  is  a  cooperative 
undertaking  on  the  part  of  the  Federal 
and  State  Governments  in  which  the 
States  are  required  to  match  in  certain 
proportions  the  expenditures  of  the  Fed- 
eral Government.  It  is  proper,  there- 
fore, to  inquire  whether  in  thus  match- 
ing the  contributions  of  the  Government 
the  States  are  induced  to  make  expendi- 
tures for  road  improvement  greater  than 
they  would  make  if  the  Federal  aid  were 
not  offered. 


That  this  is  not  the  case  is  evidenced 
by  the  fact,  as  shown  in  Table  6,  that 
in  1925  every  State,  without  exception, 
made  expenditures  for  road  improve- 
ment in  addition  to  those  made  for  the 
Federal-aid  roads,  the  total  of  such 
expenditures  being  $438,544,000,  or 
approximately  four  times  the  amount 
spent  to  match  the  Federal  aid. 
These  are  State  expenditures  only. 
They  do  not  include  the  amounts 
spent  by  the  counties  independent  of 
State  control  which,  doubtless,  equaled 
or  exceeded  those  of  the  States. 


Table  6. — Approximate  disbursements  by  State  highway  departments  in  excess  of 
expenditures  for  Federal-aid  roads,  calendar  year  1925 


State 


Alabama. 

Arizona 

Arkansas 

California 

Colorado 

Connecticut... 

Delaware 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa - 

Kansas.. 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 


State 
disburse- 
ments for 
other  than 
Federal- 
aid  roads 


917,000 
263,000 
140, 000 
891,000 
797,000 
252,000 
703, 000 
234, 000 
502,000 
857,000 
676, 000 
718,000 
608,000 
836, 000 
667, 000 
870, 000 
465, 000 
485, 000 
935, 000 
038, 000 
062,000 
265, 000 
,  084, 000 
357, 000 


State 


Nebraska 

Nevada 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina 

North  Dakota 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Rhode  Island 

South  C  arolina 

South  Dakota 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington I      5 

West  Virginia 14 

Wisconsin 4 

Wyoming 1 


State 
disburse- 
ments for 
other  than 
Federal- 
aid  roads 


$1, 


964, 000 
936, 000 
227, 000 
540, 000 
223, 000 
869,000 
088, 000 
143, 000 
386, 000 
138, 000 
153,000 
294, 000 
326, 000 
633, 000 
871,000 
129, 000 
585, 000 
374, 000 
678, 000 
172, 000 
446, 000 
059,000 
885, 000 
803,000 


There  is  no  ground  for  belief  that 
the  effort  to  meet  the  Federal  contribu- 
tion is  burdensome  to  the  taxpayers  of 
the  States.  The  State  funds  required 
to  match  a  Federal  appropriation  of 
$75,000,000  a  year  in  the  proportions 
required  bv  the  Federal  law  amount  to 
$67,081,920.  As  shown  by  Table  7, 
the  gross  income  of  the  States  from 
motor  vehicle  license  fees  and  gasoline 
taxes  amounted  in  the  calendar  vear 
1925  to  $405,467,756,  a  sum  sufficient  to 
match  the  Federal  aid  six  times  over, 
almost  large  enough,  indeed,  to  cover 


the  entire  annual  expenditure  of  the 
State  highway  departments;  and  the 
amount  of  this  income  from  the  motor 
vehicle  is  still  increasing  with  the  phe- 
nomenal growth  of  registration.  These 
special  taxes  are  paid  by  owners  of  motor 
vehicles,  not  grudgingly,  but  with  entire 
willingness  so  long  as  they  are  used  for 
road  improvement,  because  it  is  gener- 
ally recognized  that  the  return  in  the 
form  of  reduced  operating  expense  and 
improved  highway  service  more  than 
compensates  the  tax. 
Table  7  follows. 
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Table  7. — Comparison  of  State  motor- 
vehicle  revenues  and  funds  required  to 
match  Federal  appropriations 


State 


Alabama 

Arizona  i 

Arkansas. 

California  i 

Colorado ' 

Connecticut 

Delaware 

Florida 

Georgia ., 

Idaho' 

Illinois  2 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine , 

Maryland 

Massachusetts '.. 

Michigan. 

Minnesota. , 

Mississippi , 

Missouri 

Montana  i 

Nebraska 

Nevada' 

New  Hampshire- 
New  Jersey  2 

New  Mexico  ' 

New  York  2 

North  Carolina... 
North  Dakota 

Ohio 

Oklahoma ' , 

Oregon  '.. 

Pennsylvania 

Rhode  Island 

South  Carolina... 
South  Dakota  '.. 

Tennessee 

Texas 

Utah  ' 

Vermont 

Virginia 

Washington  ' 

West  Virginia 

Wisconsin. 

Wyoming  ' 

Hawaii  3 


State  funds 
required 
to  match 
Federal 

appropria- 
tion of 


Gross  in- 
come from 
motor- 
vehicle 
license 
fees  and 
gasoline 

$75,000,000  j^^Xr  yet 
1925 


$1,541,870 

403, 800 

1,  264. 164 

1,  628,  000 

1,  068,  000 

474,  801 

365,  625 

892,  878 

1,  983,  089 

628,  000 

3, 191,  479 

1,  938, 693 

2,  070.  396 
2,  074,  360 
1,411,607 

997,  2C2 
685,  140 
635,  783 

1,  090,  118 

2,  225,  227 
2, 124, 151 

1,  291.  960 

2,  417,  727 
1, 193,  000 
1,581,969 

132,  000 

365,  625 

935,  082 

690,  000 

3,657,096 

1,  699, 168  j 

1,  180,  699  ! 

2,789,588  1 

1,415,000  i 

710.000  I 

3,  360, 123  1 
365,625  I 

1,052,549  ! 

965,  000  I 
1,622,985 
4,415,715 

229,000  ; 

365,  625  j 
1,449,713 

941,  000  I 

797,295  ! 
1,873,308  1 

525,  000  1 

365,625  I 


Total 67,081,920     405,467,756 


'  States  not  on  50-50  basis  on  account  of  public 
lands  and  nontaxable  Indian  lands. 

2  No  gasoline  tax  assessed. 

3  No  tax  data  available. 

As  shown  by  the  foregoing  facts  there 
is  no  reason  to  believe  that  the  necessity 
of  matching  Federal  aid  has  caused  the 
States  to  incur  a  large  bonded  indebted- 
ness. Twenty-four  of  the  States  have 
issued  no  bonds  for  highway  purposes 
since  Federal  aid  was  initiated.  The 
other  24  have  incurred  a  total  indebted- 
ness of  $604,410,600.  In  13  of  these 
the  amount  of  the  bonds  issued  has  con- 


siderably exceeded  the  total  of  their 
Federal-aid  apportionments,  and  can 
not,  therefore,  have  been  required  to 
match  the  Federal  contributions.  Of 
the  remaining  11  States,  3 — Massachu- 
setts, New  York,  and  Rhode  Island — • 
are  States  of  large  resources,  and  it  is 
not  conceivable  that  they  have  needed 
to  issue  bonds  to  match  the  Federal  aid. 
Two  others — Louisiana  and  Nevada — 
have  a  negligible  total  indebtedness. 
The  remaining  6  States  are  Colorado, 
Idaho,  New  Mexico,  South  Dakota, 
Utah,  and  Wyoming;  and  it  is  con- 
ceivable that  their  bond  issues  may 
have  been  necessary  to  provide  funds 
with  which  to  match  the  Federal  aid 
offered  to  them;  but  their  combined 
issues  during  the  lO-vear  period  amount 
to  only  $31,800,000,  and  they  have 
received  almost  double  that  amount 
from  the  Federal  Government. 

FEDERAL-AID  APPORTIONMENT  CONSIST- 
ENT WITH  TRAFFIC  DEMAND 

The  Federal-aid  appropriations  are 
apportioned  in  accordance  with  a 
method  prescribed  by  the  law  on  the 
basis  of  the  relative  area  and  popula- 
tion of  the  several  States  and  their 
total  mileage  of  rural  post  roads  and 
star  routes.  Although  the  method  is 
somewhat  arbitrary,  it  has  been  shown 
repeatedly  to  produce  a  result  which  is 
fairly  consistent  v/ith  the  basic  wealth 
and  production  of  the  several  States. 
As  these  are  the  factors  which,  funda- 
mentally, are  the  measures  both  of  the 
need  for  highway  improvement  and 
the  capacity  to  pay  for  it,  there  can  be 
no  reasonable  doubt  of  the  essential 
fairness  of  the  distribution. 

Viewed  specifically  from  the  stand- 
point of  the  traffic  demand  of  the 
several  groups  of  States,  Table  8  shows 
that  the  apportionment  per  mile  of  the 
Federal-aid  system  to  date  is  reason- 
ably consistent  with  the  traffic  re- 
quirements as  measured  by  the  motor- 
vehicle  registration  per  mile  of  the 
system.  The  largest  potential  traffic, 
i.  e.,  the  largest  motor-vehicle  regis- 
tration per  mile,  is  in  the  Middle 
Atlantic  States,  and  this  group  of 
States,  including  New  York,  Pennsyl- 
vania, and  New  Jersey,  is  also  shown 
to  have  received  the  largest  appor- 
tionment of  Federal  aid  in  proportion 
to  the  mileage  of  the  Federal-aid 
system  within  their  borders.  Next  in 
order  of  potential  traffic  and  also  in  the 
magnitude  of  the  apportionment  are 
the  New  England  States;  and  a  sim- 
ilarly consistent  relation  exists  with 
respect  to  all  other  groups,  with  the 
exception  of  the  East  South  CeVitral 
and  Mountain  States,  which  are  shown 
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to  have  received  a  somewhat  dis- 
proportionate apportionment  consid- 
ered from  the  point  of  view  of  their  po- 
tential traffic.  The  order  of  the 
several  groups  of  States  in  Table  8"  is 
very  similar  to  their  relative  ranking 


on  the  basis  of  the  mileage  of  high-type 
Federal-aid  road  construction  as  shown 
in  Table  2,  thus  indicating  that  the 
Federal  appropriations  are  being  ex- 
pended in  a  manner  consistent  with  the 
requirements  of  the  traffic. 


Table  8. — Apportionment  of  Federal  aid  per  mile  of  Federal-aid  highway  system 
compared  with  motor-vehicle  registration 


Group  of  States 

Mileage  of 
Federal- 
aid  system 
approved 
to  June  30, 
1926 

Federal-aid 
funds  ap- 
portioned 
to  States 
June  11, 1916, 
to  June  30, 
1926 

Motor  ve- 
hicles reg- 
istered 
during 
1925 

Average 
Federal- 
aid-appor- 
tionmeut 
per  mile 
of  system 

Motor- 
vehicle 
registration 
per  mile 
of  system  J 

Middle  Atlantic 

Miles 
10,  306.  8 

5,  799.  7 
26, 310. 1 
10, 296. 1 
14, 429. 8 
21, 429. 3 
21,  615.  3 
24, 328. 0 
47, 619. 7 

$73, 851, 396 
30, 012, 803 

111,  549, 529 
43,097,938 
54, 970, 873 
81, 288, 777 
80, 080, 227 
77,  544, 430 

117,878,874 

3,  536,  570 
1,290,151 
4,918,383 
1, 985, 536 

878, 115 
1, 817, 890 

692,  779 
1,  790, 017 
2, 941, 814 

$7, 165 
5,175 
4,240 
4,186 
3,810 
3,793 
3,705 
3,187 
2,475 

343 

New  England              .      . 

223 

East  North  Central 

187 

193 

East  South  Central 

61 

South  Atlantic 

85 

Mountain..  .  

32 

West  South  Central 

74 

West  North  Central    

62 

All  States 

182, 134. 8 

1670,274,847 

19, 851, 255 

3,680 

109 

I  Including  the  apportionment  of  $1,100,153  to  Hawaii  the  total  apportionment  up  to  June  30,  1926,  was 
$671,375,000. 


SUMMARY  OF  FEDERAL-AID  ROAD  WORK 
BY  STATES 

The  progress  made  in  each  of  the 
States  during  the  year  and  the  results 
of  the  10  years  of  Federal-aid  road  con- 
struction are  set  forth  in  the  following 
condensed  summary  for  each  State. 

ALABAMA 

The  Federal-aid  highway  system  in 
Alabama  includes  3,872  miles,  of 
which  1,415.7  miles  have  been  im- 
proved with  Federal  aid.  Of  the  im- 
proved mileage,  262  miles  were  added 
during  the  year,  and  89.9  miles  were 
under  construction. 

The  mileage  improved  with  Federal 
aid  consists  of  28.3  miles  of  graded 
and  drained  earth  roads,  417.5  miles 
of  sand-clay,  768.6  miles  of  gravel,  6 
miles  of  water-bound  macadam,  58.8 
miles  of  bituminous  macadam,  80.8 
miles  of  bituminous  concrete,  and  52.9 
miles  of  Portland  cement  concrete,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  2.8  miles. 

The  total  cost  of  the  roads  completed 
during  the  year  was  $4,288,712.99,  of 
which  the  Federal  share  was  $1,831,- 
731.14.  The  disbursement  of  Federal 
funds  to  the  State  was  $1,966,619.02. 
This  added  to  the  disbursements  made 
during  previous  years  and  subtracted 
from  the  State's  total  apportionment  of 

14643—261 2 


$14,349,455,  leaves  a  balance  of  $4,430,- 
272.52  of  unexpended  funds  to  the  credit 
of  the  State. 

ARIZONA 

The  Federal-aid  highway  system 
includes  1,498  miles,  of  which  '767.1 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  96.6 
miles  were  added  during  the  year.  At 
the  close  of  the  year  44.1  miles  were 
under  construction  and  12.2  miles  were 
approved  but  not  yet  under  construc- 
tion. 

The  mileage  improved  with  Federal 
aid  consists  of  92.4  miles  of  graded 
and  drained  earth  roads,  122.3  miles 
of  sand-clay,  404.8  miles  of  gravel, 
14.2  miles  of  water-bound  macadam, 
22.7  miles  of  bituminous  concrete,  and 
108.6  miles  of  Portland  cement  con- 
crete, in  addition  to  which  there  are 
bridges  with  a  total  length  of  2.2 
miles. 

The  total  cost  of  the  roads  com- 
pleted was  $1,378,605.07,  of  which 
the  Federal  share  was  $885,678.50. 
The  disbursement  of  Federal  funds 
to  the  State  was  $558,251.42.  This 
added  to  the  disbursements  made 
during  previous  years  and  substracted 
from  the  State's  total  apportionment 
of  $9,617,249,  leaves  a  balance  of 
$3,358,108.81  of  unexpended  funds  to 
the  credit  of  the  State. 
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ARKANSAS 

The  Federal-aid  highway  system  in- 
cludes 5,007  miles,  of  which  1,418.5 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  281.6 
miles  were  added  during  the  year.  At 
the  close  of  the  year  213.3  miles  were 
under  construction  and  31.1  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  3.1  miles  of  sand-clay, 
919.2  miles  of  gravel,  48.2  miles  of 
water-bound  macadam,  84.1  miles  of 
bituminous  macadam,  248.4  miles  of 
bituminous  concrete,  and  114.1  miles 
of  Portland  cement  concrete,  in  ad- 
dition to  which  there  are  bridges  with  a 
total  length  of  1.6  miles. 

The  total  cost  of  the  roads  com- 
pleted was  $4,375,795.99,  of  which  the 
Federal  share  was  $2,317,678.87.  The 
disbursement  of  Federal  funds  to  the 
State  was  $1,710,136.62.  This,  added 
to  the  disbursements  made  during  pre- 
vious years  and  subtracted  from  the 
State's  total  apportionment  of  $11,- 
605,804,  leaves  a  balance  of  $2,503,- 
265.69  of  unexpended  funds  to  the 
credit  of  the  State. 

CALIFORNIA 

The  Federal-aid  highway  system 
includes  4,574.4  miles,  of  which  1,169.7 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  222.8 
miles  were  added  during  the  year.  At 
the  close  of  the  year  208.2  miles  were 
under  construction  and  18.2  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  276.9  miles  of  graded  and 
drained  earth  roads,  280.4  miles  of 
gravel,  18.1  miles  of  water-bound 
macadam,  55.5  miles  of  bituminous 
macadam,  67.3  miles  of  bituminous 
concrete,  and  468.9  miles  of  Portland 
cement  concrete,  in  addition  to  which 
there  are  bridges  with  a  total  length  of 
2.6  miles. 

The  total  cost  of  the  roads  completed, 
including  7.1  miles  of  stage  construc- 
tion, was  $5,727,131.79,  of  which  the 
Federal  share  was  $2,752,692.79.  The 
disbursement  of  Federal  funds  to  the 
State  was  $3,287,067.83.  This,  added 
to  the  disbursements  made  during 
previous  years  and  substracted  from 
the  State's  total  apportionment  of 
$22,072,815,  leaves  a  balance  of 
$5,952,659.70  of  unexpended  funds  to 
the  credit  of  the  State. 

COLORADO 

The  Federal-aid  highwav  system  in- 
cludes 3,332  miles,  of  which  797  miles 
have  been  improved  with  Federal  aid 
Of  the  improved    mileage,  84.5   miles 


were  added  during  the  year.  At  the 
close  of  the  year  162.5  miles  were  under 
construction  and  21.8  miles  were  ap- 
proved. 

The  mileage  improved  with  Federal 
aid  consists  of  172.5  miles  of  graded 
and  drained  earth  roads,  76.8  miles  of 
sand-clay,  352.7  miles  of  gravel,  5.9 
miles  of  bituminous  concrete,  and 
184.7  miles  of  Portland  cement  con- 
crete, in  addition  to  which  there  are 
bridges  with  a  total  length  of  4.4  miles. 

The  total  cost  of  the  roads  completed, 
including  1.9  miles  of  stage  construc- 
tion, was  $1,923,572.30,  of  which  the 
Federal  share  was  $966,142.48.  The 
disbursement  of  Federal  funds  to  the 
State  was  $1,468,873.84.  This,  added 
to  the  disbursements  made  during 
previous  years  and  subtracted  from  the 
State's  total  apportionment  of  $12,- 
325,812,  leaves  a  balance  of  $4,196,- 
323.82  of  unexpended  funds  to  the 
credit  of  the  State. 

CONNECTICUT 

The  Federal-aid  highway  system 
includes  835.4  miles,  of  wliich  127.1 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  8.7  miles 
were  added  during  the  year.  At  the 
close  of  the  year  38  miles  were  under 
construction  and  9.9  miles  were  ap- 
proved. 

The  mileage  improved  with  Federal 
aid  consists  of  8.8  miles  of  water- 
bound  macadam,  27  miles  of  bitumi- 
nous macadam,  and  91.3  miles  of 
Portland  cement  concrete. 

The  total  cost  of  the  roads  completed 
was  $395,689.66,  of  which  the  Federal 
share  was  $136,570.  The  disburse- 
ment of  Federal  funds  to  the  State  was 
$179,493.71.  This,  added  to  the  dis- 
bursements made  during  previous  years 
and  subtracted  from  the  State's  total 
apportionment  of  $4,333,681,  leaves  a 
balance  of  $1,980,818.25  of  unexpended 
funds  to  the  credit  of  the  State. 

DELAWARE 

The  Federal-aid  highway  system  in- 
cludes 385.2  miles,  of  which  124.3 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  8.6  miles 
were  added  during  the  year.  At  the 
close  of  the  year  28.2  miles  were  under 
construction  and  15.7  miles  were  ap- 
proved. 

The  mileage  improved  with  Federal 
aid  consists  of  117.9  miles  of  Portland 
cement  concrete  and  6.2  miles  of  brick, 
in  addition  to  which  there  are  bridges 
with  a  total  length  of  0.2  mile. 

The  total  cost  of  the  roads  completed 
was  $269,509.49,  of  which  the  Federal 
share  was  $127,843.85.  The  disburse- 
ment of  Federal  funds  to  the  State  was 
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$317,922.17.  This,  added  to  the  dis- 
bursements made  during  previous 
years  and  subtracted  from  the  State 's 
total  apportionment  of  $2,474,058, 
leaves  a  balance  of  $556,979.74  of  un- 
expended funds  to  the  credit  of  the 
State. 

FLORIDA 

The  Federal-aid  liighwav  system 
includes  1,926  miles,  of  which  249.7 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  36.9 
miles  were  added  during  the  year.  At 
the  close  of  the  year  162.9  miles  were 
under  construction. 

Tlie  mileage  improved  with  Federal 
aid  consists  of  ll.S  miles  of  graded 
and  drained  earth  roads,  34.1  miles  of 
sand-clay,  13.6  miles  of  water-bound 
macadam,  72.6  miles  of  bituminous 
macadam,  23.3  miles  of  bituminous 
concrete,  81.7  miles  of  Portland  cement 
concrete,  and  10.1  miles  of  brick,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  2.6  miles. 

The  total  cost  of  the  roads  completed 
was  $1,700,890.98,  of  which  the  Federal 
share  was  $818,937.01.  The  disburse- 
ment of  Federal  funds  to  the  State  was 
$836,169.33.  This,  added  to  the  dis- 
bursements made  during  previous 
years  and  subtracted  from  the  State's 
total  apportionment  of  $8,084,954, 
leaves  a  balance  of  $3,235,949.42  unex- 
pended funds  to  the  credit  of  the  State. 

GEORGIA 

The  Federal-aid  highway  system 
includes  5,558.4  miles,  of  which  1,975.5 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  322.7 
miles  were  added  dui-ing  the  year.  At 
the  close  of  the  year  475.4  miles  were 
under  construction  and  28.3  miles  were 
approved. 

The  inileage  improved  with  Federal 
aid  consists  of  96.2  miles  of  graded  and 
drained  earth  roads,  1,194.9  miles  of 
sand-clay,  345.7  miles  of  gravel,  41.7 
miles  of  water-bound  macadam,  95.9 
miles  of  bituminous  macadam,  15.9 
miles  of  bituminous  concrete,  161.9 
miles  of  Portland  cement  concrete, 
and  0.5  mile  of  brick,  in  addition  to 
which  there  are  bridges  with  a  total 
length  of  23.1  miles. 

The  total  cost  of  the  roads  completed, 
including  20.4  miles  of  stage  construc- 
tion, was  $5,141,532.68,  of  which  the 
Federal  share  was  $2,504,419.51.  The 
disbursement  of  Federal  funds  to  the 
State  was  $2,546,473.57.  This,  added 
to  the  disbursements  made  during 
previous  years  and  subtracted  from 
the  State's  total  apportionment  of 
$18,431,953,  leaves  a  balance  of 
$2,991,838.09  unexpended  funds  to 
the  credit  of  the  State. 


IDAHO 

The  Federal-aid  highway  system 
includes  2,768.6  miles,  of  which  773.7 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  133.& 
miles  were  added  during  the  year.  At 
the  close  of  the  year  113.5  miles  were 
under  construction  and  72.5  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  165.6  miles  of  graded 
and  drained  earth  roads,  18.6  miles  of 
sand-clay,  514  miles  of  gravel,  4.3 
miles  of  water-bound  macadam,  37.6 
miles  of  bituminous  concrete,  and 
32.8  miles  of  Portland  cement  con- 
crete, in  addition  to  which  there  are 
bridges  with  a  total  length  of  1.1  miles. 

The  total  cost  of  the  roads  com- 
pleted, including  36  miles  of  stage 
construction,  was  $2,081,356.55,  of 
which  the  Federal  share  was 
$1,320,858.71.  The  disbursement  of 
Federal  funds  to  the  State  was 
$1,  211,  467.  29.  This,  added  to  the 
disbursements  made  during  previous 
years  and  sulitracted  from  the  State's 
total  apportionment  of  $8,559,627, 
leaves  a  balance  of  $1,870,582.13 
of  unexpended  funds  to  the  credit  of 
the  State. 

ILLINOIS 

The  Federal-aid  highway  system 
includes  5,002.2  miles,  of  which  1,467.1 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  182.4 
miles  were  added  during  the  year.  At 
the  close  of  the  year  124.4  miles  were 
under  construction  and  24  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  112.3  miles  of  graded  and 
drained  earth  roads,  3.3  miles  of 
bituminous  macadam,  8.1  miles  of 
bituminous  concrete,  1,315.9  miles  of 
Portland  cement  doncrete,  and  25.8 
miles  of  brick,  in  addition  to  which 
there  are  bridges  with  a  total  length  of 
1.4  miles. 

The  total  cost  of  the  roads  completed, 
including  0.6  mile  of  stage  construction, 
was  $5,177,738.18,  of  which  the  Federal 
share  was  $2  532,879.71.  The  dis- 
bursement of  Federal  funds  to  the 
State  was  $2,061,553.20.  This,  added 
to  the  disbursements  made  during 
previous  years  and  subtracted  from 
the  State's  total  apportionment  of 
$29,832,198,  leaves  a  balance  of  $7,285,- 
381.97  of  unexpended  funds  to  the 
credit  of  the  State. 

INDIANA 

The  Federal-aid  highway  system 
includes  4,679  miles,  of  which  687.2 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  157.2 
miles  were  added  during  the  year.     At 
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the  close  of  the  year  275.1  miles  were 
under  construction  and  5L7  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  25.6  miles  of  graded 
and  drained  earth  roads,  33.5  miles  of 
gravel,  17  miles  of  bituminous  mac- 
adam, 12  miles  of  bituminous  concrete, 
and  597.6  miles  of  Portland  cement 
concrete",  in  addition  to  which  there  arc 
bridges  with  a  total  length  of  1.6  miles. 

The  total  cost  of  the  roads  completed 
was  ?5.432,841.65,  of  which  the  Federal 
share  was  $2,584,668.72.  The  disburse- 
ment of  Federal  funds  to  the  State  was 
$2,098,195.55.  This,  added  to  the  dis- 
bursements made  during  previous  years 
and  subtracted  from  the  State's  total 
apportionment  of  $18,204,355,  leaves  a 
balance  of  $4,699,325.92  of  unexpended 
funds  to  the  credit  of  the  State. 

IOWA 

The  Federal-aid  highv/av  svstem 
includes  7,212  miles,  of  which  *2,177 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  138.6 
miles  were  added  during  the  year.  At 
the  close  of  the  year  586.7  m.iles  were 
under  construction  and  146.8  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  1,303.4  miles  of  graded 
and  drained  earth  roads,  425.5  miles  of 
gravel,  425.9  miles  of  Portland  cement 
concrete,  and  22  miles  of  brick,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  0.3  mile. 
•  The  total  cost  of  the  roads  completed, 
including  12.4  miles  of  stage  construc- 
tion, was  $2,589,254.14,  of  which  the 
Federal  share  was  $1,170,140.16.  The 
disbursement  of  Federal  funds  to  the 
State  was  $1,179,173.37.  This,  added 
to  the  disbursements  made  during 
previous  years  and  subtracted  from 
the  State's  total'  apportionment  of 
$19,485,563,  leaves  a  balance  of  $5,683,- 
720.65  of  unexpended  funds  to  the 
credit  of  the  State. 

KANSAS 

The  Federal-aid  highway  svstem 
includes  7,892  miles,  of  which  l"',263.6 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  269.1 
miles  were  added  during  the  year.  At 
the  close  of  the  year  548.9  miles  were 
under  construction  and  129.9  miles  were 
approved. 

^  The  mileage  improved  with  Federal 
aid  consists  of  313  miles  of  graded  and 
drained  earth  roads,  112.2  miles  of  sand- 
clay,  180.8  miles  of  gravel,  4.5  miles 
of  water-bound  macadam,  84.6  miles 
of  bituminous  macadam,  3.5  miles  of 
bituminous  concrete,  439.2  miles  of 
Portland  cement  concrete,  and  123  miles 


of  brick,  in  addition  to  which  there 
are  bridges  with  a  total  length  of  2.5 
miles. 

The  total  cost  of  the  roads  completed, 
including  19.6  miles  of  stage  construc- 
tion, was  $4,023,851.60,  of  which  the 
Federal  share  was  $2,034,853.94.  The 
disbursement  of  Federal  funds  to  the 
State  was  $2,010,983.12.  This,  added 
to  the  disbursements  made  during 
previous  years  and  subtracted  from 
the  State's  total  apportionment  of 
$19,464,411,  leaves  a  balance  $4,791,- 

623.07  of  unexpended  funds  to  the 
credit  of  the  State. 

KENTUCKY 

The  Federal-aid  highway  systefla 
includes  3,701  miles,  of  which  787.4 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  188.8 
miles  were  added  during  the  year.  At 
the  close  of  the  year  250.9  miles  were 
under  construction  and  3.6  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  388.9  miles  of  graded  and 
drained  earth  roads,  118.9milesof  gravel. 

41.4  miles  of  water-bound  macadam, 

139.8  miles  of  bituminous  macadam, 

94.5  miles  of  Portland  cement  concrete, 
and  3.9  miles  of  brick,  in  addition  to 
which  there  are  bridges  with  a  total 
length  of  0.2  mile. 

The  total  cost  of  the  roads  completed, 
including  34  miles  of  stage  construc- 
tion, was  $5,919,328.90,  of  which  the 
Federal  share  was  $2,252,781.48.  The 
disbursement  of  Federal  funds  to  the 
State  was  $1,629,262.22.  This,  added 
to  the  disbursements  made  during 
previous  years  and  subtracted  from 
the  State's  total  anportionment  of 
$13,212,809,  leaves  a  balance  of  $3,302,- 
647.39  of  unexpended  funds  to  the 
credit  of  the  State. 

LOUISIANA 

The  Federal-aid  highwav  system  in- 
cludes 2,664  miles,  of  which  1,069.8 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  44.3 
miles  were  added  during  the  year.  At 
the  close  of  the  year  147.4  miles  were 
under  construction  and  29.8  miles  were 
approved. 

■The  mileage  improved  with  Federal 
aid  consists  of  3-4  miles  of  graded  and 
drained  earth  roads,  1,037.1  miles  of 
gravel,  3.2  miles  of  water-bound  mac- 
adam, 9.5  miles  of  bituminous  mac- 
adam, 10.4  miles  of  bituminous  con- 
crete, and  3.6  miles  of  Portland  cement 
concrete,  in  addition  to  which  there  are 
bridges  with  a  total  length  of  2.8 
miles. 

The  total  cost  of  the  roads  completed 
was  $908,749.55,  of  which  the  Federal 
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share  was  $362,623.35.  The  disburse- 
ment of  Federal  funds  to  the  State  was 
$738,714.02.  This,  added  to  the  dis- 
bursements made  during  previous 
years  and  subtracted  from  the  State's 
total  apportionment  of  $9,272,408, 
leaves  a  balance  of  $2,238,441.66  of 
unexpended  funds  to  the  credit  of  the 
State. 

MAINE 

'  The  Federal-aid  highway  s\'stem  in- 
cludes 1,393.5  miles,  of  which  303.6 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  15.6 
miles  were  added  during  the  year.  At 
the  close  of  the  year  67.3  miles  were 
under  construction  and  45.6  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  126.7  miles  of  gravel, 
137.4  miles  of  bituminous  macadam, 
and  39.3  miles  of  Portland  cement  con- 
crete, in  addition  to  which  there  are 
bridges  with  a  total  length  of  0.2  mile. 

The  total  cost  of  the  roads  completed 
was  $388,599.74,  of  which  the  Federal 
share  was  $192,580.02.  The  disburse- 
ment of  Federal  funds  to  the  State  was 
$428,522.80.  This,  added  to  the  dis- 
bursement made  during  previous  j-ears 
and  subtracted  from  the  State's  total 
apportionment  of  $6,464,828,  leaves  a 
balance  of  $1,958,707.32  of  unexpended 
funds  to  the  credit  of  the  State. 

MARYLAND 

The  Federal-aid  highwav  system  in- 
cludes 1,479.2  miles,  of  which  423.3 
miles  have  been  improved  with  Fedei-al 
aid.  Of  the  improved  mileage  103.3 
miles  were  added  during  the  year.  At 
the  close  of  the  year  30.7  miles  were 
under  construction  and  57.7  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  4.7  miles  of  graded  and 
drained  earth  roads,  31.5  miles  of 
gravel,  0.1  mile  of  water-bound  mac- 
adam, 106. &  miles  of  bituminous  mac- 
adam, 12.3  miles  of  bituminous  con- 
crete, and  268  miles  of  Portland  cement 
concrete. 

The  total  cost  of  the  roads  completed 
was  $1,985,590.44,  of  which  the  Federal 
share  was  $901,945.32.  The  disburse- 
ment of  Federal  funds  to  the  State  was 
$982,038.88.  This,  added  to  the  dis- 
bursements made  during  previous  years 
and  subtracted  from  the  State's  total 
apportionment  of  $5,925,057,  leaves  a 
balance  of  $778,960.03  of  unexpended 
funds  to  the  credit  of  the  State. 

MASSACHUSETTS 

The  Federal-aid  highway  system  in- 
cludes 1,308  miles,  of  which  385.7  miles 
have  been  improved  with  Federal  aid. 


Of  the  improved  mileage  56.8  miles 
were  added  during  the  year.  At  the 
close  of  the  year  35.4  miles  were  under 
construction  and  21.1  miles  were  ap- 
proved. 

The  mileage  improved  with  Federal 
aid  consists  of  3.3  miles  of  water-bound 
macadam,  199.2  miles  of  bituminous 
macadam,  36.8  miles  of  bituminous 
concrete,  and  143.9  miles  of  Portland 
cement  concrete,  in  addition  to  which 
there  are  bridges  with  a  total  length  of 
2.5  miles. 

The  total  cost  of  the  roads  completed 
was  $3,717,850.99,  of  which  the  Federal 
share  was  932,863.07.  The  disburse- 
ment of  Federal  funds  to  the  State  was 
$1,053,331.47.  This,  added  to  the  dis- 
bursements made  during  previous  years 
and  subtracted  from  the  State's  total 
apportionment  of  $10,108,726,  leaves 
a  balance  of  $3,314,597.38  of  unex- 
pended funds  to  the  credit  of  the  State. 

MICHIGAN 

The  Federal-aid  highway  system 
includes  5,235  miles,  of  which  995.8 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  134.1 
miles  were  added  during  the  year.  At 
the  close  of  the  year  213.7  miles  were 
under  construction  and  11.6  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  29.2  miles  of  graded 
and  drained  earth  roads,  316.1  miles  of 
gravel,  18.9  miles  of  water-bound  mac- 
adam, 10.4  miles  of  bituminous  macad- 
am, 73.4  miles  of  bituminous  concrete, 
547.4  miles  of  Portland  cement  con- 
crete, and  0.4  mile  of  brick. 

The  total  cost  of  the  roads  completed, 
including  3.9  miles  of  stage  construc- 
tion, was  $4,599,169.26,  of  which  the 
Federal  share  was  $1,985,509.96.  The 
disbursement  of  Federal  funds  to  the 
State  was  $2,798,228.48.  This,  added 
to  the  disbursements  made  during 
previous  years  and  subtracted  from 
the  State's  total  apportionment  of 
$20,342,365,  leaves  a  balance  of 
$5,679,010.31  of  unexpended  funds 
to  the  credit  of  the  State. 


MINNESOTA 

The  Federal-aid  highway  system 
includes  6,849.6  miles,  of  which  3,249.2 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  528 
miles  were  added  during  the  year.  At 
the  close  of  the  year  524  miles  were 
under  construction  and  11.1  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  379  miles  of  graded  and 
drained  earth  roads,  6.2  miles  of  sand- 
clay,  2,500  miles  of  gravel,  27.9  miles 
of  bituminous  concrete,  and  335.5  miles 
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of  Portland  cement  concrete,  in  addi- 
tion to  which  there  are  bridges  with  a 
total  length  of  0.6  mile. 

The  total  cost  of  the  roads  com- 
]jleted,  including  174.9  miles  of  stage 
construction,  was  $7,435,078.06,  of 
which  the  Federal  share  was  $3,173,- 
974.52.  The  disbursement  of  Federal 
funds  to  the  State  was  $2,294,445.91. 
This,  added  to  the  disbursements  made 
during  previous  years  and  subtracted 
from  the  State's  total  apportionment 
of  $19,591,780,  leaves  a  balance  of 
$2,658,903.46  of  unexpended  funds 
to  the  credit  of  the  State. 

MISSISSIPPI 

The  Federal-aid  highway  system 
includes  3,604  miles,  of  which  1,158.9 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  286.4 
miles  were  added  during  the  year.  At 
the  close  of  the  year  330.7  miles  were 
under  construction  and  95.1  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  136.4  miles  of  graded 
and  drained  earth  roads,  20.6  miles  of 
sand-cla}',  873.6  miles  of  gravel,  11.1 
miles  of  water-bound  macadam,  1  mile 
of  bituminous  macadam,  9.2  miles  of 
bituminous  concrete,  97.1  miles  of  Port- 
land cement  concrete,  and  9.2  miles  of 
brick,  in  addition  to  which  there  are 
bridges  with  a  total  length  of  0.5  mile. 

The  total  cost  of  the  roads  completed, 
including  36.6  miles  of  stage  construc- 
tion, was  $4,340,617.88,  of  which  the 
Federal  share  was  $2,169,238.93.  The 
disbursement  of  Federal  funds  to  the 
State  was  $1,554,835.53.  This,  added 
to  the  dis))ursements  made  during  pre- 
vious years  and  subtracted  from  the 
State's  total  apportionment  of  $12,- 
128,018,  leaves  a  balance  of  $3,007,- 
839.31  of  unexpended  funds  to  the 
credit  of  the  State. 

MISSOURI 

The  Federal-aid  highwav  system 
includes  7,530  miles,  of  which  r,795.7 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  446.1 
miles  were  added  during  the  year.  At 
the  close  of  the  year  311.1  miles  were 
under  construction  and  23.1  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  326.8  miles  of  graded 
and  drained  earth  roads,  842.9  miles  of 
gravel,  13.4  miles  of  water-bound  mac- 
adam, 50.8  miles  of  bituminous  macad- 
,am,  17.7  miles  of  bituminous  concrete, 
528.2  miles  of  Portland  cement  con- 
crete, and  8.5  miles  of  brick,  in  addition 
to  which  there  are  bridges  with  a  total 
length  of  7.4  miles. 

The  total  cost  of  the  roads  completed, 
includijig  28.8  miles  of  stage  construc- 


tion, was  $15,050,108.77,  of  which  the 
Federal  share  was  $6,583,420.13.  The 
disbursement  of  Federal  funds  to  the 
State  was  $4,015,329.72.  This,  added 
to  the  disbursements  made  during  the 
previous  years  and  subtracted  from  the 
State's  total  apportionment  of  $22,- 
786,436,  leaves  a  balance  of  $5,989- 
361.91  of  unexpended  funds  to  the  credit 
of  the  State. 

MONTANA 

The  Federal-aid  highway  system 
includes  4,661  miles,  of  which  1,071.5 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  133.8 
miles  were  added  during  the  year.  At 
the  close  of  the  year  116.1  miles  were 
under  construction  and  145.7  miles 
were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  214.2  miles  of  graded 
and  drained  earth  roads,  5.6  miles  of 
sand-clay,  792.7  miles  of  gravel,  16 
miles  of  water-bound  macadam,  6.9 
miles  of  bituminous  macadam,  2.8 
miles  of  bituminous  concrete,  and  31.3 
miles  of  Portland  cement  concrete,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  2.3  miles. 

The  total  cost  of  the  roads  completed 
was  $1,540,  284.08,  of  which  the  Federal 
share  was  $1,174,701.33.  The  dis- 
bursement of  Federal  funds  to  the  State 
was  $659,904.88.  This,  added  to  the 
disbursements  made  during  previous 
years  and  subtracted  Srom  the  State's 
total  apportionment  of  $13,424,885, 
leaves  a  balance  of  $6,542,069.51  of 
unexpended  funds  to  the  credit  of  the 
State. 

NEBRASKA 

The  Federal-aid  highwav  svstem  in- 
cludes 5,569.1  miles,  of  which  2,021.2 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  146.5 
miles  were  added  during  the  year.  At 
the  close  of  the  year  1,099.2  miles  were 
under  construction  and  94  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  1,213.9  miles  of  graded 
and  drained  earth  roads,  169.2  miles  of 
sand-clay,  559.2  miles  of  gravel,  10.1 
miles  of  bituminous  concrete,  46.5 
miles  of  Portland  cement  concrete,  and 
18.6  miles  of  brick,  in  addition  to  which 
there  are  bridges  with  a  total  length  of 
3.2  miles. 

The  total  cost  of  the  roads  com- 
pleted, including  209.4  miles  of  stage 
construction,  was  $1,412,172.43,  of 
which  the  Federal  share  was  $682,- 
658.91.  The  disbursement  of  Federal 
funds  to  the  State  was  $1,863,988.80. 
This,  added  to  the  disbursements  made 
during  previous  years  and  subtracted 
from  the  State's  total  apportionment 
of    $14,635,235,    leaves    a    balance    of 
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$5,771,303.41  of  unexpended  funds  to 
the  credit  of  the  State. 

NEVADA 

The  Federal-aid  highway  system 
includes  1,398  miles,  of  which  710.1 
miles  have  been  improved  with  Federal 
aid  Of  the  improved  mileage  282.3 
miles  were  added  during  the  year.  At 
the  close  of  the  year  174.8  miles  were 
under  construction  and  42.8  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  53.8  miles  of  graded  and 
drained  earth  roads,  26.4  miles  of 
sand-clay,  555.3  miles  of  gravel,  10.2 
miles  of  water-bound  macadam,  15.6 
miles  of  bituminous  macadam,  2  miles 
of  bituminous  concrete,  and  44.8  miles 
of  Portland  cement  concrete,  in  addi- 
tion to  which  there  are  bridges  with  a 
total  length  of  2.1  miles. 

The  total  cost  of  the  roads  completed, 
including  5.1  miles  of  stage  construc- 
tion, was  $3,280,931.39,  of  which  the 
Federal  share  was  $2,634,795.38.  The 
disbursement  of  Federal  funds  to  the 
State  was  $1,453,240,19.  This,  added 
to  the  disbursements  made  during 
previous  years  and  subtracted  from  the 
State's  total  apportionment  of  $8,795,- 
215,  leaves  a  balance  of  $1,301,853.81 
of  unexpended  funds  to  the  credit  of 
the  State. 

NEW   HAMPSHIRE 

The  Federal-aid  highway  s\'stem  in- 
cludes 977.4  miles,  of  wliich  244.6  miles 
have  been  improved  with  Federal  aid. 
Of  the  improved  mileage  29.6  miles  were 
added  during  the  year.  At  the  close 
of  the  year  19  miles  were  under  con- 
struction and  6.9  miles  were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  96.5  miles  of  gravel,  46.5 
miles  of  water-bound  macadam,  63.9 
miles  of  bituminous  macadam,  30  miles 
of  bituminous  concrete,  and  5.2  miles  of 
Portland  cement  concrete,  in  addition 
to  which  there  are  bridges  with  a  total 
length  of  2.4  miles. 

The  total  cost  of  the  roads  completed 
was  $884,824.61,  of  which  the  Federal 
share  was  $424,791.20.  The  disburse- 
ment of  Federal  funds  to  the  State  was 
$298,143.45.  This,  added  to  the  dis- 
bursements made  during  previous  years 
and  subtracted  from  the  State's  total 
apportionment  of  $3,169,492,  leaves  a 
balance  of  $687,878.77  of  unexpended 
funds  to  the  credit  of  the  State. 

NEW  JERSEY 

The  Federal-aid  highway  sj^stem  in- 
cludes 1,198.3  miles,  of  which  307.9 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  78.3 
miles  were  added  during  the  year.     At 


the  close  of  the  year  14  miles  were  un- 
der construction  and  10'  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  1.6  miles  of  graded  and 
drained  earth  roads,  0.8  mile  of  sand- 
clay,  0.5  mile  of  gravel,  21.9  miles  of 
bituminous  concrete,  and  279.1  miles  of 
Portland  cement  concrete,  in  addition 
te  which  there  are  bridges  with  a  total 
length  of  0.7  mile. 

The  total  cost  of  the  roads  completed 
was  $4,612,641.22,  of  which  the  Federal 
share  was  $1,347,757.63.  The  dis- 
bursement of  Federal  funds  to  the  State 
was  $2,087,825.66.  This,  added  to  the 
disbursements  made  during  previous 
years  and  subtracted  from  the  State's 
total  apportionment  of  $8,467,420, 
leaves  a  balance  of  $1,704,648.21  of 
unexpended  funds  to  the  credit  of  the 
State. 

NEW    MEXICO 

The  Federal-aid  highway  system 
includes  3,298  miles,  of  which  1,490.5 
miles  have  been  improved  with  Fed- 
eral aid.  Of  the  improved  mileage  137.5 
miles  were  added  during  the  year.  At 
the  close  of  the  year  36.9  miles  were 
under  construction  and  34  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  225.8  miles  of  graded  and 
drained  earth  roads,  5.1  miles  of  sand- 
clay,  1,181.2  miles  of  gravel,  0.7  mile 
of  bituminous  concrete,  and  76.5  miles 
of  Portland  cement  concrete,  in  addi- 
tion to  which  there  are  bridges  with  a 
total  length  of  1.3  miles. 

The  total  cost  of  the  roads  completed, 
including  15.8  miles  of  stage  construc- 
tion, was  $1,483,178.56,  of  which  the 
Federal  share  was  $908,377.49.  The 
disbursement  of  Federal  funds  to  the 
State  was  $1,020,042.23.  This,  added 
to  the  disbursements  made  during  pre- 
vious years  and  subtracted  from  the 
State's  total  apportionment  of  $10,- 
972,386,  leaves  a  balance  of  $3,097,- 
525.07  of  unexpended  funds  to  the 
credit  of  the  State. 

NEW   YORK 

The  Federal-aid  highway  system 
includes  5,018  miles,  of  which  1,231.8 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  259.8 
miles  were  added  during  the  year.  At 
the  close  of  the  year  532.6  miles  were 
under  construction  and  136.6  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  8.6  miles  of  gravel,  320.7 
miles  of  bituminous  macadam,  4.8 
miles  of  bituminous  concrete,  895.6  miles 
of  Portland  cement  concrete,  and  0.7 
mile  of  brick,  in  addition  to  which  there 
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are  bridges  jvith  a  total  length  of  1.5 
miles. 

The  total  cost  of  the  roads  completed 
was  $10,162,510,  of  which  the  Federal 
share  was  $3,791,280.66.  The  dis- 
bursement of  Federal  funds  to  the  State 
was  $4,664,644.52.  This,  added  to  the 
disbursements  made  during  previous 
years  and  subtracted  from  the  State's 
total  apportionment  of  $34,045,195, 
leaves  a  balance  of  $13,367,889.20  of 
unexpended  funds  to  the  credit  of  the 
State. 

NORTH  CAROUNA 

The  Federal-aid  highway  system 
includes  3,781  miles,  of  which  1,343.1 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  164.6 
miles  were  added  during  the  j^ear.  At 
the  close  of  the  year  105  miles  were  un- 
der construction  and  26.1  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  80.7  miles  of  graded  and 
drained  earth  roads,  520.6  miles  of 
sand-clay,  85. 8  miles  of  gravel,  19.6 
miles  of  water-bound  macadam,  38 
miles  of  bituminous  macadam,  228.6 
miles  of  bituminous  concrete,  and  367.9 
miles  of  Portland  cement  concrete,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  1.9  miles. 

The  total  cost  of  the  roads  completed, 
including  61  miles  of  stage  construction, 
was  $7,385,531.70,  of  which  the  Federal 
share  was  $3,056,122.87.  The  dis- 
bursement of  Federal  funds  to  the 
State  was  $3,082,882.17.  This,  added 
to  the  disbursements  made  during  pre- 
vious years  and  subtracted  from  the 
State's  total  apportionment  of  $15,- 
717,206,  leaves  a  balance  of  $2,842,- 
516.78  of  unexpended  funds  to  the 
credit  of  the  State. 

NORTH  DAKOTA 

The  Federal-aid  highway  system 
includes  6,836  miles,  of  which  2,275.7 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  260.4 
miles  were  added  during  the  year.  At 
the  close  of  the  year  650.7  miles  were 
under  construction  and  388.8  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  1,348.4  miles  of  graded 
and  drained  earth  roads,  1.5  miles  of 
sand-clay,  919.6  miles  of  gravel,  1.2 
miles  of  bituminous  concrete,  and  3 
miles  of  Portland  cement  concrete,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  2.2  miles. 

The  total  cost  of  the  roads  completed, 
including  318.2  miles  of  stage  construc- 
tion, was  $1,780,585.28,  of  which  the 
Federal  share  was  $907,695.08.  The 
disbursement  of  Federal  funds  to  the 


State  was  $925,094.42.  This,  added 
to  the  disbursements  made  during 
previous  years  and  subtracted  from  the 
State's  apportionment  of  $10,748,659, 
leaves  a  balance  of  $3,947,950.29  of 
unexpended  funds  to  the  credit  of  the 
State. 

OHIO 

The  Federal-aid  highway  system 
includes  5,900.5  miles,  of  which  1,422.6 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  197  miles 
were  added  during  the  year.  At  the 
close  of  the  year  295  miles  were  under 
construction  and  85.8  miles  were  ap- 
proved. 

The  mileage  improved  with  Federal 
aid  consists  of  47  miles  of  graded  and 
drained  earth  roads,  82.6  miles  of  water- 
bound  macadam,  303.1  miles  of  bitu- 
minous macadam,  88.1  miles  of  bi-  i 
tuminous  concrete,  454.5  miles  of  Port-  ' 
land  cement  concrete,  and  447  miles  of 
brick,  in  addition  to  which  there  are 
bridges  with  a  total  length  of  0.1  mile. 

The  total  cost  of  the  roads  completed 
was  $6,611,677.60,  of  which  the  Federal 
share  was  $2,415,369.63.  The  dis- 
bursement of  Federal  funds  to  the 
State  was  $2,472,310.12.  This,  added 
to  the  disbursements  made  during  pre- 
vious years  and  subtracted  from  the 
State's  total  apportionment  of  $25,- 
731,796,  leaves  a  balance  of  $6,559,-  i 
239.10  of  unexpended  funds  to  the  I 
credit  of  the  State.  I 

OKLAHOMA  ■ 

The  Federal-aid  highway  system 
includes  5,528  miles  of  which  1,201.5 
miles  have  been  improved  with  Federa,! 
aid.  Of  the  improved  mileage  291.3 
miles  were  added  during  the  year.  At 
the  close  of  the  year  74.8  miles  were 
under  construction  and  64.7  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  114.3  miles  of  graded 
and  drained  earth  roads,  2.3  miles  of 
sand-clay,  595.7  miles  of  gravel,  6.3 
miles  of  water-bound  macadam,  8.4 
miles  of  bituminous  macadam,  64.5 
miles  of  bituminous  concrete,  391,7 
miles  of  Portland  cement  concrete,  and 
8.9  miles  of  brick,  in  addition  to  which 
there  are  bridges  with  a  total  length  of 
9.4  miles. 

The  total  cost  of  the  roads  com- 
pleted, including  2  miles  of  stage  con- 
struction, was  $6,508,352.72,  of  which 
the  Federal  share  was  $3,063,016.96. 
The  disbursement  of  Federal  funds  to 
the  State  was  $2,887,622.14.  This, 
added  to  the  disbursements  made  dur 
ing  previous  years  and  subtracted  fro: 
the  State's  total  apportionment 
$16,059,787,  leaves  a  balance  of  $2 
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399,374.70  of  unexpended  funds  to  the 
credit  of  the  State. 

OREGON 

The  Federal-aid  highway  system  in- 
cludes 2,814  miles,  of  which  961.6 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  132.4 
miles  were  added  during  the  j'ear.  At 
the  close  of  the  year  103.9  miles  were 
under  construction  and  22  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  132.6  miles  of  graded  and 
drained  earth  roads,  656.1  miles  of 
gravel,  25.6  miles  of  water-bound 
macadam,  0.8  mile  of  bituminous 
macadam,  52.9  miles  of  bituminous 
concrete,  and  91.5  miles  of  Portland 
cement  concrete,  in  addition  to  which 
there  are  bridges  with  a  total  length 
of  2.3  miles. 

The  total  cost  of  the  roads  com- 
pleted, including  7.7  miles  of  stage  con- 
struction, was  $2,616,671.11,  of  which 
the  Federal  share  was  $1,434,973.97. 
The  disbursement  of  Federal  funds  to 
the  State  was  $1,656,072.98.  This, 
added  to  the  disbursements  made  dur- 
ing previous  years  and  subtracted  from 
the  State's  total  apportionment  of 
$10,879,347,  leaves  a  balance  of  $1,- 
431,330.61  of  unexpended  funds  to  the 
credit  of  the  State. 

PENNSYLVANIA 

The  Federal-aid  highway  system  in 
eludes  4,090.5  miles,  of  which  1,435.2 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  447.6 
miles  were  added  during  the  year.  At 
the  close  of  the  year  283.3  miles  were 
under  construction  and  57.4  miles  were 
approved. 

The  mileage  improved  -with  Federal 
aid  consists  of  32.9  miles  of  graded  and 
drained  earth  roads,  3.4  miles  of  gravel, 
7.8  miles  of  bituminous  macadam,  101.1 
miles  of  bituminous  concrete,  1,266.9 
miles  of  Portland  cement  concrete,  and 
26.4  miles  of  brick. 

The  total  cost  of  the  roads  com- 
pleted was  $23,774,022.81,  of  which 
the  Federal  share  was  $6,574,796.61. 
The  disbursement  of  Federal  funds  to 
the  State  was  $5,772,232.58.  This, 
added  to  the  disbursements  made  dur- 
ing previous  years  and  subtracted  from 
the  State's  total  apportionment  of 
$31,338,781,  leaves  a  balance  of  $5,- 
910,862.03  of  unexpended  funds  to  the 
credit  of  the  State. 

RHODE  ISLAND 

The  Federal-aid  highway'  system 
includes  242.4  miles,  of  which  94.3 
miles  have  been  improved  with  Federal 
aid.    Of   the   improved    mileage    23.5 
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miles  were  added  during  the  year.  At 
the  close  of  the  year  20.9  miles  were 
under  construction  and  8.3  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  1.9  miles  of  water-bound 
macadam,  16.5  miles  of  bituminous 
macadam,  38.3  miles  of  bituminous 
concrete,  and  37.5  miles  of  Portland 
cement  concrete. 

The  total  cost  of  the  roads  com- 
pleted was  $1,165,514.70,  of  which  the 
Federal  share  was  $390,685.01.  The 
disbursement  of  Federal  funds  to  the 
State  was  $285,490.94.  This,  added  to 
the  disbursements  made  during  previous 
years  and  subtracted  from  the  State's 
total  apportionment  of  $2, 667, 569, leaves 
abalanceof  $1,108, 739. 94 of  unexpended 
funds  to  the  credit  of  the  State. 

SOUTH   CAROLINA 

The  Federal-aid  highway  system  in- 
cludes 3,230  miles,  of  which  1,536.9 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  225.8 
miles  M^ere  added  during  the  year.  At 
the  close  of  the  year  185.9  miles  were 
under  construction  and  19.2  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  34.2  miles  of  graded  and 
drained  earth  roads,  1,232.7  miles  of 
sand-clay,  114.5  miles  of  gravel,  6 
miles  of  water-bound  macadam,  3  miles 
of  bituminous  macadam,  63.5  miles  of 
bituminous  concrete,  75  miles  of  Port- 
land cement  concrete,  and  0.2  mile  of 
brick,  in  addition  to  which  there  are 
bridges  with  a  total  length  of  7.8  miles. 

The  total  cost  of  the  roads  com- 
pleted, including  14.2  miles  of  stage 
construction,  was  $4,750,910.07,  of 
which  the  Federal  share  was  $2,178,- 
552.57.  The  disbursement  of  Federal 
funds  to  the  State  was  $1,810,458.38. 
This,  added  to  the  disbursements  made 
during  previous  years  and  subtracted 
from  the  State's  total  apportionment 
of  $9,801,524,  leaves  a  balance  of 
$1,553,790.08  of  unexpended  funds  to 
the  credit  of  the  State. 

SOUTH   DAKOTA 

The  Federal-aid  highway  system 
includes  5,731  miles,  of  which  2,345.8 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  765.9 
miles  were  added  during  the  year.  At 
the  close  of  the  year  468.7  miles  were 
under  construction  and  119.8  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  481.1  miles  of  graded 
and  drained  earth  roads,  18.2  miles  of 
sand-clay,  1,843.3  miles  of  gravel,  and 
1.2  miles  of  Portland  cement  concrete^ 
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ill  addition  to  wliich  there  are  bridges 
with  a  total  length  of  1.9  miles. 

The  total  cost  of  the  roads  completed, 
including  47.4  miles  of  stage  construc- 
tion, was  $4,915,754.67,  of  which  the 
Federal  share  was  $2,3(58,152.66.  The 
disbursement  of  Federal  funds  to  the 
States  was  $1,828,659.29.  This,  added 
to  the  disbursements  made  during  j^re- 
vious  years  and  subtracted  from  the 
State's  total  apportionment  of  $11,166,- 
790,  leaves  a  balance  of  $1,796,628.42 
of  unexpended  funds  to  the  credit  of 
the  State. 

TENNESSEE 

The  Federal-aid  highway  system 
includes  3,252.8  miles,  of  which  835.3 
m.iles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  238.8 
miles  were  added  during  the  year.  At 
the  close  of  the  year  193.1  miles  were 
under  construction  and  24.6  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  140.6  miles  of  graded 
and  drained  earth  roads,  117  miles  of 
gravel,  52.3  miles  of  water-bound  mac- 
adam, 401.8  miles  of  bituminous 
macadam,  21.9  miles  of  bituminous 
concrete,  and  100.3  miles  of  Portland 
cement  concrete,  in  addition  to  which 
there  are  bridges  with  a  total  length  of 
1.4  miles. 

The  total  cost  of  the  roads  completed 
was  $6,206,668.39,  of  which  the  Federal 
share  was  $2,691,356.46.  The  dis- 
bursement of  Federal  funds  to  the  State 
was  $2,364,696.15.  This,  added  to  the 
disbursement  made  during  previous 
years  and  subtracted  from  the  State's 
total  apportionment  of  $15,280,591, 
leaves  a  balance  of  $3,203,506.19  of 
unexpended  funds  to  the  credit  of  the 
State. 

TEXAS 

The  Federal-aid  highway  system 
includes  11,129  miles,  of  which  5,055.8 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  723.5 
miles  were  added  during  the  year.  At 
the  close  of  the  year  771.8  miles  were 
under  construction  and  61.4  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  672.7  miles  of  graded 
and  drained  earth  roads.  83.9  miles  of 
sand-claj^,  2,862.6  miles  of  gravel,  476.9 
miles  of  water-bound  macadam,  449.7 
miles  of  bituminous  uiacadam,  121.7 
miles  of  bituminous  concrete,  351.7 
miles  of  Portland  cement  concrete,  and 
29.2  miles  of  brick,  in  addition  to  which 
there  are  bridges  with  a  total  length  of 
€.9  miles. 

The  total  cost  of  the  I'oads  completed, 
iiicluding  41.3  miles  of  stage  construc- 


tion, was  $9,403,940.27,  of  which  the 
Federal  share  was  $4,348,097.85.  The 
disbursement  of  Federal  funds  to  the 
State  was  $5,284,156.01.  This,  added 
to  the  disbursements  made  during  pre- 
vious years  and  subtracted  from  the 
State's  total  apportionment  of  $40,600,- 
431,  leaves  a  Imlance  of  $9,195,341.92 
of  unexpended  funds  to  the  credit  of 
the  State. 

UTAH 

The  Federal-aid  highway  system 
includes  1,588  miles,  of  which  622.6 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  135.2 
miles  were  added  during  the  year.  At 
the  close  of  the  year  77.8  miles  were 
under  construction  and  49.4  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  94.2  miles  of  graded  and 
drained  earth  roads,  41.7  miles  of  sand- 
clay,  373.7  miles  of  gravel,  9.3  miles  of 
water-bound  macadam,  0.7  mile  of 
bituminous  macadam,  9.9  miles  of 
bituminous  concrete,  and  91.6  miles  of 
Portland  cement  concrete,  in  addition 
to  which  there  are  bridges  with  a  total 
length  of  1.6  miles. 

The  total  cost  of  the  roads  completed 
was  $1,705,348.27,  of  which  the  Federal 
share  was  $1,185,427.86.  The  dis- 
bursement of  Federal  funds  to  the  State 
was  $1,081,703.45.  This,  added  to  the 
disbursements  made  during  previous 
years  and  subtracted  from  the  State's 
total  apportionment  of  $7,818,779 
leaves  a  balance  of  $1,790,016.98  of 
unexpended  funds  to  the  credit  of  the 
State. 

VERMONT 

The  Federal-aid  highway  system 
includes  1,043  miles,  of  which  135.2 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  27.2 
miles  were  added  during  the  year.  At 
the  close  of  the  year  33.9  miles  were 
under  construction  and  1.5  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  87.1  miles  of  gravel,  3.4 
miles    of    water-bound    macadam,    25 
miles  of  bituminous  inacadam,  and  16.1       m 
miles  of  Portland  cement  concrete,  in      ■ 
addition   to    which   there   are    bridges      ■ 
with  a  total  length  of  3.7  miles. 

The  total  cost  of  the  roads  completed 
was  $1,239,157.62,  of  which  the  Federal 
share  was  $565,771.50.  The  disburse- 
ment of  Federal  funds  to  the  State  was 
$415,055.81.  This,  added  to  the  dis- 
bursements made  during  previous  years 
and  subtracted  from  the  State's  total 
apportionment  of  $3,268,507,  leaves  a 
balance  of  $1,107,116.53  of  unexpended 
funds  to  the  credit  of  the  State. 
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VIRGINIA 

The  Federal-aid  highway  system 
includes  3,075.  5  miles,  of  which  1,050.1 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  190.5 
miles  were  added  during  the  year.  At 
the  close  of  the  year  141.1  miles  were 
under  construction  and  10.9  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  51.7  miles  of  graded  and 
drained  earth  roads,  202.1  miles  of 
sand-clay,  113.9  miles  of  gravel,  108.5 
miles  of  water-bound  macadam,  249.1 
miles  of  bituminous  macadam,  10.6 
miles  of  bituminous  concrete,  and  312.7 
miles  of  Portland  cement  concrete,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  1.6  miles. 

The  total  cost  of  the  roads  completed 
was  $5,097,604.77,  of  which  the  Federal 
share  was  .$2,302,948.28.  The  dis- 
bursement of  Federal  funds  to  the 
State  was  $2,514,371.36.  This,  added 
to  the  disbursements  made  during  pre- 
vious years  and  subtracted  from  the 
State's  total  apportionment  of  $13,501,- 
514,  leaves  a  balance  of  $2,100,408.27 
of  unexpended  funds  to  the  credit  of 
the  State. 

WASraNGTON 

The  Federal-aid  highwav  system  in- 
cludes 2,907.7  miles,  of  which  668.6 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  116.7 
miles  were  added  during  the  year.  At 
the  close  of  the  year  41.1  miles  were 
under  construction  and  45.3  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  108.8  miles  of  graded  and 
drained  earth  roads,  311.3  miles  of 
gravel,  and  246.4  miles  of  Portland 
cement  concrete,  in  addition  to  which 
there  are  bridges  with  a  total  length  of 
2.1  miles. 

The  total  cost  of  the  roads  completed, 
including  3.7  miles  of  stage  construc- 
tion, was  $2,590,118.96,  of  which  the 
Federal  share  was  $1,120,697.59.  The 
disbursement  of  Federal  funds  to  the 
State  was  $1,430,361.90.  This,  added 
to  the  disbursements  made  during 
previous  years  and  subtracted  from  the 
State's  total  apportionment  of  $10,145,- 
776,  leaves  a  balance  of  $1,807,776.23 
of  unexpended  funds  to  the  credit  of 
the  State. 

WEST   VIRGI'NIA 

The  Federal-aid  highway  system  in- 
cludes 1,994  miles,  of  v/hich  414.5  miles 
have  been  improved  with  Federal  aid. 
Of  the  improved  mileage  78.6  miles  were 
added  during  the  year.     At  the  close  of 


the  year  115.5  miles  were  under  con- 
struction and  40.3  miles  were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  165.4  miles  of  graded 
and  drained  earth  roads,  5.6  miles  of 
sand-clay,  18.3  miles  of  gravel,  4.9  miles 
of  water-bound  macadam,  101.9  miles 
of  bituminous  macadam,  16.3  miles  of 
bituminous  concrete,  90.2  miles  of 
Portland  cement  concrete,  and  11.4 
miles  of  brick,  in  addition  to  which 
there  are  bridges  with  a  total  length  of 
0.5  mile. 

The  total  cost  of  the  roads  completed, 
including  13  miles  of  stage  construction, 
was  $2,731,548.14,  of  which  the  Federal 
share  was  $1,109,766.23.  The  dis- 
bursement of  Federal  funds  to  the  State 
was  $1,096,945.39.  This,  added  to  the 
disbursements  liiade  during  previous 
years  and  subtracted  from  the  State's 
total  apportionment  of  $7,352,511, 
leaves  a  balance  of  $1,886,867.19  of 
unexpended  funds  to  the  credit  of  the 
State. 

WISCONSIN 

The  Federal-aid  highway  system  in- 
cludes 5,493.4  miles,  of  which  1,619.1 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  134.5 
miles  were  added  during  the  year.  At 
the  close  of  the  year  286.4  miles  were 
under  construction  and  102.8  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  213.7  miles  of  graded  and 
drained  earth  roads,  115.5  miles  of  sand- 
clay,  843.6  miles  of  gravel,  2.7  miles  of 
water-bound  macadam,  9.6  miles  of 
bituminous  macadam,  and  433.9  miles 
of  Portland  cement  concrete. 

The  total  cost  of  the  roads  completed, 
including  27.1  miles  of  stage  construc- 
tion, was  $2,688,018.38,  of  which  the 
Federal  share  was  $1,291,022.45.  The 
disbursement  of  Federal  funds  to  the 
State  was  $1,700,875.89.  This,  added 
to  the  disbursements  made  during 
previous  years  and  subtracted  from 
the  State's  total  apportionment  of 
$17,438,815,  leaves  a  balance  of 
$6,131,946.01  of  unexpended  funds  to 
the  credit  of  the  State. 

WYOMING 

The  Federal-aid  highway  system  in- 
cludes 3,071.7  miles,  of  which  1,225.1 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  187.3 
miles  were  added  during  the  year.  At 
the  close  of  the  year  122.1  miles  were 
under  construction  and  10.4  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  359.8  miles  of  graded  and 
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drained  earth  roads,  488.8  miles  of  sand- 
clay,  335.6  miles  of  gravel,  22.1  miles 
of  bituminous  concrete,  and  14.7  miles 
of  Portland  cement  concrete,  in  addi- 
tion to  which  there  are  bridges  with  a 
total  length  of  4.1  miles. 

The  total  cost  of  the  roads  completed, 
including  50.8  miles  of  stage  construc- 
tion, was  $2,739,675.86,  of  which  the 
Federal  share  was  $1,725,258.41.  The 
disbursement  of  Federal  funds  to 
the  State  was  $1,212,767.42.  This, 
added    to     the    disbursements    made 


during  previous  years  and  subtracted 
from  the  State's  total  apportionment 
of  $8,566,274,  leaves  a  balance  of 
$1,330,970.09  of  unexpended  funds  to 
the  credit  of  the  State. 

Complete  statistics  of  the  Federal-aid 
roads  completed  during  the  year  and 
during  the  entire  period  under  the 
Federal-aid  plan  with  reference  to 
mileage  and  types  completed  and  the 
total  costs  and  Federal-aid  allotments, 
etc.,  are  given  in  Tables  9  to  19,^ 
inclusive. 


Table  9. — Total  cost,  Federal  aid  and  mileage  of  Federal-aid  roads,  original  and 
stage  construction,  completed  during  the  fiscal  year  1926,  by  States 


State 

Total  cost 

Federal  aid 

Miles 
(original) 

MUes 
(stage) 

Alabama 

$4, 288,  712.  99 
1,378,605.07 
4, 375,  795.  99 

5,  727, 131.  79 
1, 923, 572.  30 

395,  689.  66 
269,  509.  49 

1,  700,  890.  98 
5, 141,  532.  68 

2,  081, 356.  55 
5, 177, 738. 18 
5,432,841.65 
2, 589,  254. 14 
4, 023, 851.  60 
5, 919, 328.  90 

908, 749.  55 

388,  599.  74 

1,985,590.44 

3,  717,  850. 99 

4,  599, 169.  26 
7,  435, 078.  06 

4,  340,  617.  88 
15, 050, 108.  77 

1, 540,  284. 08 
1,  412, 172.  43 
3, 280, 931.  39 
884, 824.  61 
4, 612,  641.  22 
1, 483, 178.  56 
10, 162,  510.  00 
7, 385,  531. 70 
1,  780,  585.  28 

6,  611,  677.  60 
6,  508,  352.  72 
2,616,671.11 

23,774,022.81 
1, 165,  514.  70 
4,750,910.07 
4,915,754.67 
6,  206, 668.  39 
9,  403, 940.  27 
1,  705,  348.  27 

1,  239, 157.  62 

5,  097,  604.  77 
2,590,118.96 

2,  731, 548. 14 
2,688,018.38 
2, 739,  675.  86 

$1,831,731.14 

262.0 

96.5 
281.6 
222.8 

84.5 
8.7 
8.6 

36.9 
322.7 
133.8 
182.4 
157.2 
138.6 
269.1 
188.8 

44.3 

15.6 
103.3 

56.8 
134.1 
528.0 
286.4 
446.1 
133.8 
146.5 
282.3 

29.6 

78.3 
137.5 
259.8 
164.6 
260.4 
197.0 
291.3 
132.4 
447.6 

23.5 
225.8 
765.9 
238.8 
723.5 
135.2 

27.2 
190.5 
116.7 

78.6 
134.5 
187.3 

Arizona 

885 

2,317 

2,752 

966 

136 

127 

818 

2,504 

1,320 

2,532 

2,584 

1,170 

2,034 

2,252 

362 

192 

901 

932 

1,985 

3, 173 

2,169 

6,583 

1,174 

682 

2,634 

424 

1,347 

908 

3,791 

3,056 

907 

2,415 

3,063 

1,434 

6,574 

390 

2,178 

2,368 

2,691 

4,348 

1,185 

565 

2,302 

1,120 

1,169 

1,291 

1,725 

678.  50 
678.  87 
692.  79 
142.  48 
570.  00 
843.85 
937.  01 
419.  51 
858.  71 
879.  71 
668.  72 
140. 16 
853. 94 
781.  48 
623.  35 
580.  02 
945.  32 
863.  07 
509. 96 
974.  52 
238.  93 
420. 13 
701.  33 
658.  91 

795.  38 
791.20 
757.  63 
377.  49 
280.  66 
122.  87 
695.  08 
369.  63 

016. 96 

973. 97 

796.  61 
685.  01 
552.  57 
152.  66 
356.  46 
097.  85 
427.  86 
771.50 
948.  28 
697.  59 
766.  23 
022. 45 
258.  41 

Arkansas 

California 

7.1 

Colorado 

1.9 

Connecticut 

Delaware 

Florida 

Georgia 

20.4 

Idaho 

36.0 

Illinois-.. 

.6 

Indiana 

Iowa 

12.4 

Kansas 

19.6 

Kentucky. 

34.0 

Louisiana 

Maine 

Maryland 

Massachusetts..   

Michigan  . 

3.9 

Minnesota.. 

174.9 

Mississippi 

36.6 

Missouri . 

28.8 

Montana 

Nebraska 

209.4 

Nevada. 

5.1 

New  Hampshire 

New  Jersey .                .      . 

New  Mexico.. 

15.8 

New  York 

North  Carolina.-  .  .             .          .... 

61.0 

North  Dakota            .    ... 

318.2 

Ohio 

Oklahoma  ..  ..  . ..    .. .  . .  . 

2.0 

Oregon 

7.7 

Rhode  Island 

South  Carolina 

14.2 

South  Dakota 

47.4 

Tennessee 

Texas 

41.3 

Utah 

Vermont 

Virginia 

Washington 

3.7 

West  Virginia 

13.0 

Wisconsin.. 

27.1 

Wyoming 

50.8 

Total 

206, 139, 220.  27 

90,  294. 106.  76 

9, 417.  3 

1, 193.  0 
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Tablb  10. — Total  cost,  Federal  aid  and  mileage  of  Federal-aid  roads  completed  to 

June  SO,  1926,  by  States 


State 


Alabama.. 

Arizona 

Arkansas.. 

California 

Colorado 

Connecticut 

Delaware 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts... 

Michigan.. 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina.. 
North  Dakota... 

Ohio 

Oklahoma , 

Oregon 

Pennsylvania 

Rhode  Island 

South  Carolina.. 
South  Dakota... 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

"Washington 

West  Virginia... 

Wisconsin 

Wyoming 

Total 


Total  cost 


$20,  752, 
11,  529, 

20. 257, 
30,  235, 
15,  225, 

5, 977, 

4,  918, 

7,  989, 
27,  704, 
11,  780, 
46,  638, 

22,  598, 
30,  191 
34,  446, 
21, 319, 

14,  281 

8,  747 
10, 924, 
19,  217 

27,  354, 
37. 850, 

15,  716, 
37, 571 
11,  914 
14,  379 

9,  315, 

5,  260, 
17,680: 
13,  200, 
45,  457, 
30,  689 
13,  512, 
49,  367; 

28,  915, 
17, 612, 
74,  812; 

4, 320, 
17, 188, 
18, 190, 
23, 140, 
71, 403, 
9,  054, 
4,  273, 

23,  410, 
17, 078, 

10. 258, 
25, 353, 
12, 383, 


585.  99 
325.  07 
932.  75 
379.  81 
844.16 
829.  01 
052.  29 
517. 80 
198.  26 
741.  23 
676.  52 
6,58.  46 
682.  82 
612.  82 
134.  37 
859. 04 
552.  76 
943. 10 
639. 13 
859.  45 
763.  95 
707.  96 
342.  54 
279.  06 
018.  01 
505. 61 
569.  51 
844.  26 
059.  12 
079.  79 
430.  76 
576.  29 
650.  24 
946.  93 
858. 41 
072.  67 
206.  69 
668.  82 
591.  85 
785. 61 
346.  64 
232. 80 
969.  26 
491.  32 
511.63 
141.  20 
034.  20 
388.08 


Federal  aid 


1, 051, 403,  098. 05 


$9, 883, 
6,  250, 
8,  543, 

14,  558, 
7, 801, 
2,  273, 

1,  781, 
3, 878, 

13, 109, 
6,  325, 
21, 878, 
10,  900, 

12,  432, 

13,  356, 
8,  742, 
6,  359, 
4, 192, 
5. 112, 

6,  898, 
12, 474, 

15,  912, 

7,  699, 

17,  289, 
6,  607, 
0, 868, 
6,  659, 

2,  510, 

5,  378, 
7, 851, 

18,  626, 

12,  741, 

6,  602, 
18,  074, 

13,  484, 
8, 945, 

25, 106, 
1,  672, 

7,  779, 

8,  948, 
10,  995, 
28,  461, 

5,  691, 
2,028, 

10, 972, 
7,  782, 
4,  491, 

10,  638, 

6,  977, 


424.48 
194.  69 
898.  76 
628.  81 
628.  50 
863.  66 
665.  60 
287.  87 
068.  58 
103.  42 
422.  04 
346.  83 
933.  15 
124.78 
516.  65 
336.  43 
507.  39 
991.  22 
383.  20 
303.  21 
616.  56 
843.  80 
927.  52 
530.  55 
788. 86 
890. 11 
351.  32 

452.  37 
157.  91 
087. 19 
518.  72 
989. 10 

453.  82 
856.  58 
203.  93 
966.  83 
904.  06 
376.  U 
632.  65 
924.33 
138.  70 
043.  97 
484.51 
568.  65 
909.  46 
428.  66 
396.  73 
481.  63 


463,  554,  553. 90 


Miles ' 


1,  416.  7 
767.1 

1,  418.  5 

1, 169.  7 
797.0 
127.1 
124.3 
249.7 

1, 975.  5 
773.7 

1. 467. 1 
687.2 

2. 177. 0 
1,  263.  6 

687.4 

1,  069. 8 

303.6 

423.3 

385.7 

995.8 

3,  249.  2 

1, 158.  9 

1,  795.  7 
1, 071.  5 

2,  021.  2 
710.1 
244.6 
307.9 

1,  490.  6 
1,  231.  8 

1,  343. 1 

2,  275.  7 
1, 422.  6 
1,  201.  5 

961.6 

1,  435.  2 

94.3 
1, 536.  9 

2,  345. 8 
835.3 

5,  055.  8 
622.6 
135.2 

1,  050. 1 
668.6 
414.  S 

1,  619. 1 

1. 225. 1 


55, 902.  8 


Milaage  is  of  original  improvement  only. 


22 


ANNUAL  EEPOETS   OF    DEPARTMENT   OF   AGRICULTURE 


Table  11. — Total  program,  as  of  June  SO,  1926,  oj  •projects  which  have  been  approved 
for  construction,  completed,  and  under  construction 


state 


Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

Florida... 

Georgia 

Idaho 

Illinois.- 

Indiana 

Iowa.- 

Kansas 

Kentucky.. 

Louisiana 

Maine. 

Maryland 

Massachusetts 

Michigan 

Minnesota. 

Mississippi 

Missouri.. 

Montana 

Nebraska 

Nevada 

New  Hampshire. 

New  Jersey 

New  Mexico 

New  York 

North  Oarolfna-. 
North  Dakota... 

Ohio 

Oklahoma 

Oregon.. 

Pennsylvania 

Rhode  Island 

South  Carolina.. 

South  Dakota 

Tennessee 

Texas 

Utah... 

Vermont 

Virginia 

Washington 

West  Virginia.. - 

Wisconsin 

Wyoming 

Hawaii 


Total  cost 


Total. 


$23, 
12, 
23, 
39, 
19, 

9, 

6, 
13, 
38, 
H, 
51, 
34, 
41, 
46, 
26, 
18, 
12, 
12, 
23, 
36, 
46, 
23, 
50, 
14, 
25, 
11, 

6, 
23, 
14, 
85, 
35, 
20. 
62. 
31, 
20, 
89, 

6, 
21, 
21, 
30, 
90, 
10, 

I"), 
28, 
21, 
15, 
33, 
13, 

1 


284, 832.  30 
434, 048.  56 
512,  523.  69 
081,  457.  75 
088,  510. 90 
598, 798.  46 
657, 124.  45 
757, 718.  54 
491,  387. 83 
786,  598.  24 
090, 570.  82 
437,733.91 
757,635.54 
397,  579. 03 
464, 612.  40 
142, 124.  68 
450, 663.  60 
718, 748. 86 
291, 788. 14 
335, 853. 36 
945, 265. 85 
692, 089.  82 
773, 350. 17 
921,271.47 
825, 944.  03 
063, 376.  38 
091,  694.  33 
727,643.27 
321, 053.  77 
507, 902. 79 
680, 608.  02 
676,  546. 93 
234, 909.  87 
867,  684.  07 
700, 118.  70 
685, 731. 95 
005,811.05 
714,922.77 
736,  291.  75 
769,  343. 75 
672, 097.  66 
728,  064.  59 
'151, 017.  44 
860,  277.  96 
5£9, 979.  03 
961,339.69 
434, 428.  85 
690, 412.  82 
,  050, 897.  93 


Federal  aid 


Miles  1 


1,369,836,387.77 


$11,100, 
6, 859, 

10, 108, 

18,  833, 
9,  646, 
3, 243, 
2,  470, 
6, 470, 

18,  391, 
8,125, 

23, 981, 

16,  373, 
18, 026, 

17,  883, 
11,206, 

8, 195, 

5,  603, 

.5,901, 

7, 991, 

16,  525, 

19, 110, 

11,565, 

22, 380, 

8, 873, 

12, 454, 

8, 151, 

2, 878, 

7, 767, 

8,  670, 

29,081, 

14, 979, 

10, 244, 

22, 993, 

14,  858, 

10,  624, 

29,  639, 

2, 110, 

9, 764, 

10,767, 

14,  395, 

36, 969, 

6, 967, 

2, 762, 

13, 399, 

9, 850, 

6, 721, 

14,  587, 

7,  785, 

312, 


976.  84 
370.  61 
969.  67 
239.  76 
108.31 
368.71 
554.40 
127.  88 
276. 95 
589. 22 
923.  50 
269.82 
081.34 
140. 14 
226.  75 
790. 12 
302.  50 
022. 86 
338.  63 

595. 18 
116.  56 
407.79 
474. 90 
740.  57 
863.  87 
533.  26 
433. 12 
919. 65 
686  83 
137.  39 
929.82 
297. 92 
480. 84 
244. 75 
85B.  11 
774.  39 
349.06 
377.  98 
488.  42 
266.  07 
487. 39 
500.25 
711. 14- 
057.  56 
509.46 

219. 19 
911.92 
318. 07 
635. 18 


1,505.6 
823.4 
1, 662.  9 
1,396.1 
981.3 
17,5.  0 
168.2 
412.6 

2,  479.  2 
959.7 

1,615.3 

1,014.0 

2, 910.  3 

1, 942. 4 

1,041.9 

1,247.0 

416.5 

511.7 

442.2 

1,221.1 

3, 784.  3 

1,  584. 7 

2, 129. 9 

1,  333.  3 

3,  214. 4 
927.7 
270.5 
331.9 

1,  561. 4 
1,901.0 
1, 474.  2 
3,315.2 
1,803.4 
1,341.0 
1, 087.  5 
1,775.9 
123.5 
1, 742.  0 
2, 934.  3 

1. 053. 0 
5, 889.  0 

749.8 
170.6 

1. 202. 1 
755. 0 
570.3 

2,008.3 

1. 357.  6 

15.9 


597,  605, 998.  65 


69, 334. 1 


•  Mileage  is  of  original  improvement  only. 
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Table   12. — Mileage  of  Federal-aid  roads  completed  during  the  fiscal  year  1926,  by 

types  of  construction 


State 

Graded 

and 
drained 

t 

Sand- 
clay 

Gravel 

Water- 
bound 
mac- 
adam 

Bitu- 
minous 
mac- 
adam 

Bitu- 
minous 
con- 
crete 

Port- 
land 
cement 
con- 
crete 

Brick 

Bridges 

Total 

Alahatnfi 

25.1 
1  -47.  4 

101.6 
66.4 

117.5 
62.3 

191.9 
70.6 
61.0 

1-20.2 

1  -5.9 
6.2 
5.0 
17.7 

43.3 

9.2 

53.7 

102.2 

18.4 

8.7 

8.6 

11.0 

23.7 

11.5 

182.1 

152.6 

38.5 

1  -1.7 

45.9 

3.6 

0.6 

262  0 

Arizona 

96.6 

Arkansas 

7.9 

23.0 

.3 

.8 

.7 

281  6 

California 

31.5 
3.4 

"i.'o" 

222  8 

Colorado .    

84  5 

Connecticut 

8  7 

Delaware 

"' 

8  6 

Florida.- - 

1  -8.2 
31.1 
12.9 

13.6 
8.8 

7.8 
19.8 

10.5 
3.4 

.7 

2.3 

4.1 

36  9 

169.8 
1  -.2 

62.3 
109.1 

322.7 
133.8 

Idaho 

Illinois _.. 

182.4 

Indiana 

5.8 
64.2 
148.1 
101.2 

■■i7.-0" 


6.4 
36.1 
58.7 

8.2 
36.9 

6.2 

1-7.5 

157.2 

Iowa 

.1 

17. 4            .8 

1-.6 

1.2 

138  6 

Kansas 



.3 

28.1 
34.0 

.4 
""""2.8" 

269  1 

Kentucky. ... 

188.8 

Louisiana 

44  3 

Maine. 

1 



9.4 
65.3 
14.8 

5.4 

15  6 

Maryland  .  .. .. 

.9 

"""6.1" 

1  -2.7 

2.0 

37.3 
34.2 

128.4 
23.8 
23.7 

256.4 

103  3 

Massachusetts 

1.2 

56  8 

Michigan. 

3.5 

144.4 

12.8 

63.5 

1  -1.6 

1  -.3 

19.1 



"6.2 
2.2 

"'I'.l' 

37.0 

1.5 

1  -.5 
351.4 
247.2 
117.6 
127.8 
113.6 
251.1 

1.7 

.5 

93.1 

8.6 

134.1 

Minnesota 

.2 

.3 

2  .•?  !        4  4 

528  0 

Mississippi     .    .    ... 

286  4 

Missouri 

i.9 

"""'i."9" 
.7 
.4 

'"""9."3" 

446  1 

Montana 

.4 
2.3 

133  8 

Nebraska.. 

1  -7.3 
4.4 
.9 
67.2 
10.5 
198.5 
88.9 

146.5 

Nevada 

10.2 
14.5 

1  -5.0 
11.1 

.7 
1.3 
.6 
.5 

282.3 

29  6 

New  Jersey 

.8 



78  3 

New  Mexico 

33.5 

137  6 

New  York 

52.8 

""'63."3" 

259  8 

North  Carolina. . 

12.1 
228.8 
15.8 
75.9 
42.2 
32.9 

.3 
.6 

'"""i."5" 
1.2 

164  6 

North  Dakota  



31.2 

260.4 

Ohio 

56.^ 
7.8 
.8 

1.3 
10.4 

76.2 

132.2 

5.8 

414.2 

14.2 

10.2 

.4 

49.5 

14.2 

3.6 

5.3 

71.1 

31.3 

15.3 

43.0 

48.6 
4.9 

"1.2" 

197  0 

Oklahoma 

69.0 
82.6 

291  3 

132  4 

Pennsylvania 

447  6 

Rhode  Island 

1.9 

6.0 

6.0 

23  5 

South  Carolina 

South  Dakota 

26.2 

323.9 

127.5 

375.3 

1  -6.9 

155.4 

"29^3" 
4.1 

13.6 

440.7 

22.6 

161.1 

131.4 

14.3 

29.2 

19.9 

"\'a 

4.0 

.8 

.8 

1-14.9 

.3 

2.4 
.3 
.3 
.3 

225.8 
765  9 

Tennpsspp 

"""2."5" 

38.4 

107.1 

.7 

5.3 

62.9 

"'"44."o" 
2.1 

238  8 

Texas. 

723  5 

Utah    .. 

135  2 

Vermont...    . 

27  2 

Virginia 

24.7 
65.2 
40.0 
9.4 
125.0 

2.4 
""'3.9" 
""23.'5' 

190  5 

Washington.. 

116  7 

West  Virginia...  

19.1 

78  6 

Wisconsin 

82.0 
37.7 

134  5 

Wyoming 

1.1 

187.3 

Total 

2, 161.  3 

627.3 

3,  274. 1 

58.2 

553.2 

179.6 

2,  464.  3 

78.1 

21.3 

9,  417.  3 

1  Negative  figures  caused  by  revision  of  records  when  final  vouchers  were  paid  on  projects  the  type  of 
which  was  changed  after  ratification  of  project  agreement. 
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Table   13. — Mileage  of  Federal-aid  roads  completed  to  June  30,  1926,  by  types  of 

construction 


states 

Graded 

and 
drained 

Sand- 
clay 

Gravel 

Water- 
bound 
macad- 
am 

Bitu- 
minous 
macad- 
am 

Bitu- 
minous 
con- 
crete 

1" 
Port- 
land 
cement 
concrete 

Brick 

Bridges 

Total 

Alabama 

28.3 
92.4 

417.5 

122.3 

3.1 

""76."8' 

768.6 
404.8 
919.2 
280.  4 
352.7 

6.0 

14.2 
48.2 
18.1 

58.8 

'"'84.'i" 
55.5 

80.8 

22.7 

248.4 

67.3 

5.9 

52.9 
108.6 
114.1 
468.9 
184.7 

91.3 
117.9 

81.7 
161.9 

32.8 

1,315.9 

597.6 

425.9 

439.2 

94.5 
3.6 

39.3 
268.0 
143.9 
.547.4 
335.5 

97.1 
528.2 

31.3 

46.5 

44.8 

5.2 

279.1 

76.5 
895.  6 
367.9 
3.0 
454.5 
391.7 

91.5 
1,  266. 9 

37.5 

75.0 

1.2 

100.3 

351.7 

91.6 

16.1 
312.7 
246.4 

90.2 
433.9 

14.7 

2.8 
2.2 
1.6 
2.6 
4.4 

1, 415.  7 

767.1 

1  418  5 

Arizona 

Arkansas 

California 

276.9 
172.5 

1  169  7 

Colorado. 

797  0 

Connecticut. 

8.8 

27.0 

127  1 

Delaware 

6.2 

10.1 

.5 

'"25."8' 

'"22.'0" 

123.0 

3.9 

.2 
2.6 
23.1 
1.1 
1.4 
1.6 

.3 
2.5 

.2 
2.8 

.2 

124  3 

Florida 

11.8 

96.2 

165.6 

112.3 

25.6 

1, 303.  4 

313.0 

388.  9 

3.4 

34.1 

1, 194.  9 

18.6 

13.6 

41.7 

4.3 

72.6 
95.9 

""'3."3" 
17.0 

23.3 
15.9 
37.6 
8.1 
12.0 

249  7 

Georgia 

345.7 
614.0 

1  975  5 

Idaho 

773  7 

Illinois 

1,467.1 

687  2 

Indiana. 

""ii2.'2' 

33.5 
425.5 
180.8 
118.9 
1,  037. 1 
126.7 

31.5 

.'."'."' 

Iowa... 

2, 177  0 

Kansas 

4.5 

41.4 

3.2 

... 

3.3 
18.9 

84.6 
139.8 
9.5 
137.4 
106.9 
199.2 

10.4 

3.5 

""ib'.'i 

"""i2."3" 
36.8 
73.4 
27.9 

9.2 
17.7 

2.8 
10.1 

2.0 

30.0 

21.9 

.7 

4.8 
228.6 

1.2 
88.1 
64.5 
o2.9 
101.1 
38.3 
63.5 

1  263  6 

Kentucky 

'  787  4 

Louisiana 

1  069  8 

Maine 

303  6 

Maryland 

4.7 

423.3 

Massachusetts 

....... 

"'9."2" 
8.5 

"IK  6 

....... 

"447.'o" 
8.9 

"26.'4" 

2.5 

.5 
7.4 
2.3 
3.2 
2.1 
2.4 

.7 
1.3 
1.5 
1.9 
2.2 

.1 
9.4 
2.3 

385  7 

Michigan. 

29.2 
379.0 
136.4 
326.8 
214.2 
1,213.9 
53.8 

"'""6."2" 
20.6 

"""5."6" 
169.2 
26.4 

316.1 

2,  500.  0 

873.6 

842.  9 

792.7 

559.2 

555.3 

96.5 

3.9 

1,181.2 

8.6 

8.5.8 

919.  6 

656.1 

995  8 

Minnesota 

3, 249.  2 
1, 158. 9 
1,795.7 
1, 071.  5 
2, 021. 2 

Mississippi 

Missouri 

11.1 
13.4 
16.0 

1.0 

50.8 

6.9 

Montana 

Nebraska 

Nevada 

10.2 
46.5 

15.6 
63.9 

710  1 

New  Hampshire... 

244.6 

New  Jersey 

1.6 
225.8 

.8 
5.1 

307.9 

New  Mexico 

1, 490.  5 

New  York.. 

""19."  6" 

"'"82."6' 

6.3 

25.6 

320.7 
38.0 

""mi" 

8.4 
.8 
7.8 
16.5 
3.0 

1, 231. 8 
1, 343. 1 
2,  275. 7 
1, 422.  6 
1,  201.  5 

North  Carolina 

North  Dakota 

Ohio 

80.7 
1,  348. 4 

47.0 
114.3 
132.6 

32.9 

520.6 
1.5 

Oklahoma 

Oregon 

961.6 

Pennsylvania 

1,435.2 
94.3 

Rhode  Island 

i.9 

6.0 

South  Carohna 

South  Dakota 

34.2 
481.1 
140.6 
672.7 

94.2 

1, 232.  7 
18.2 

""'8.3."9' 
41.7 

114.5 
1, 843.  3 

117.0 
2,862.6  , 

373.7 
87.1  1 

113.9 

311.3 
18.3 

843.6 

335.6 

.2 

"29^2" 

"ii."4" 

7.8 
1.9 
1.4 
6.9 
1.6 
3.7 
1.6 
2.1 
.5 

1,  536. 9 
2, 345. 8 

Tennessee 

52.3 

476.9 

9.3 

3.4 

108.5 

401.8 

449.7 

.7 

25.0 

249.1 

21.9 

121.7 

9.9 

'"io.'e" 

835.3 

Texas 

5, 055. 8 

Utah. 

622.6 

Vermont 

135.2 

Virginia 

51.7 
108.8 
165.4 
213.7 
359.8 

202.1 

""5."6" 
115.5 
488.8 

1, 050. 1 

Washington 

668.6 

West  Virginia 

Wisconsin.. 

4.9 
2.7 

101.9 
9.6 

1 

16.3 
"'"22."i' 

414.5 
1,  619. 1 

Wyoming. 

4.1 

1, 225. 1 

Total. 

9, 653.  7 

4,926.2 

22, 547.  3 

1, 123.  3 

3, 176.  3  ' 

1, 626. 1 

11,976.6 

752.0 

121.6 

55, 902.  8 
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Table  14. — Mileage  of  Federal-aid  roads  under  construction  on  June  30,  1926,  by 

types  of  construction 


States 

Graded 

and 
drained 

Sand- 
clay 

Gray  el 

Water- 
bound 
maca- 
dam 

Bitu- 
minous 
maca- 
dam 

Bitu- 
minous 
con- 
crete 

Port- 
land 
cement 
concrete 

Brick 

Bridges 

Total 

Alabama  _   _ 

44.1 

9.3 

6.8 

28.9 

0.9 
.3 
1.2 
2.3 

1.4 

.7 

.1 

4.1 

2.4 

.4 

89.9 

Arizona 

16.2 

27.7 
156. 8 
74.7 
55.2 

44.1 

Arkansas. 

12.1 

42.5 

"""9.1" 

.6 

64.2 

18.1 

33.6 

28.2 

22.3 

34.5 

11.4 

'     122. 7 

214.2 

148.2 





213.3 

California 

57.8 

80.9 

1.5 

""h'.9 

208.? 

Colorado.           

162.5 

Connecticut. . 

2.2 

38.0 

Delaware.. 

28.2 

Florida 

65.9 

127.0 

8.1 

1.6 

3.1 

.368.8 

345.3 

231.1 

21.8 

'"i7ai' 

6.0 

8.2 
75.0 
79.1 

22.9 
35.6 

7.1 
14.3 

32.4 
7.5 
8.6 

162.9 

Georgia 

475.4 

Idaho. 

113.5 

Illinois 

124.4 

Indiana. 

45.1 

ii.o  I      1.8 

275.1 

"lag" 

69.3 
29.6 

.4 
'    3.6 
.1 
.9 
1.1 

586.7 

Kansas 

39.9 
12.0 

66. 5       25. 1 
7.7   

548.9 

Kentucky 

250.9 

124.6 
35.1 

147.4 

Maine     

15.0 
4.9 
13.3 

16.2 

67.3 

Maryland 

25.8 
20.2 

30.7 

Massachusetts 

1.8 
.3 

35.4 

Michigan 

10.1 
279.4 
134.8 

51.3 

40.4 
137.7 
138.3 

21.2 
116.1 
667.0 
164. 2 
1.6 

162.9  1 

213.7 

Minnesota 

4.8 

102.0 

524.0 

Mississippi..   ... 

57.5 
223.0 

""12^5" 

.1 
3.0 

330.7 

Missouri. 

311.1 

116.1 

Nebraska 

319.8 
5.4 

90.3 



20.3 

i.9 

1, 099. 2 

'""ai" 

4.7 
6.9 

.5 
.1 

174.8 

New  Hampshire  .. 

1.3 

8.7 

2.4 

414.5 

95.8 

.4 

119.6 

18.3 

19.0 

New  Jersey 

4.5 

1          .8 

3 

14.0 

New  Mexico.-    . 

34.1 
38.2 

36.9 

35.3 

37.6 

7.0 
8.6 

632.6 

North  Carolina.. 

""i7r4" 

.6 

.8 

.5 

2.3 

106.  e 

North  Dakota.   . 

494.6 
37.5 
33.2 
56.1 
97.7 

11.1 

143.7 

660.7 

Ohio. 

28.3 

86.0 

5.7 
5.7 

295.0 

Oklahoma 

15.3 
47.5 

74.8 

Oregon.. 

.4 

103.9 

Pennsylvania 

185.5 
11.9 
13.8 

283.3 

Rhode  Island . 

6.6 

2.4 
4.4 

1  " 

20.9 

South  Carolina.. - 

20.6 
385.1 

93.3 
179.5 

•124. 4 

18.5 
83.2 

6.8 

165.6 

77.6 

12.7 

6.1 
22.0 

::.....!    4.3 

185.9 

South  Dakota.. 

.4 
.5 
.8 
.1 
2.1 
1.1 
2.0 

468.7 

Tennessee 

'"44.'9" 

28.3 
211.5 

5.8 
28.0 

68.3 
141.6 

193.1 

Texas. 

771.8 

Utah. 

77.8 

9.9 
60.3 

9.2 

58.4 

33.9 

Virginia 

3.2 
17.0 
16.4 

12.0 

141.1 

Washington 

41.1 

West  Virginia 

32.9 
4.2 

24.5 

41.7 

92.5 

4.1 

9.4 

115.6 

Wisconsin 

187.9 
64.2 

1.9 
.1 

286.4 

Wyoming 

63.8 

122.1 

Hawaii... 

6.6 

15.9 

Total 

3, 685.  6 

484.9 

2,  945. 2 

200.2 

647.2 

167.9 

2, 716. 4 

66.0 

48.4 

10, 961. 8 
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Table   15. — Mileage  of  Federal-aid  roads  approved  for  construction  on  June  30,  1936 


states 

Graded 

and 
drained 

Sand- 
clay 

Water-  i   Bitu- 
Oravpl     bound  Iminous 
'-"^^^®'       ma-        ma- 
cadam   cadam 

Bitu- 
minous 
con- 
crete 

Portland 
cement 
con- 
crete 

Brick 

Bridges, 

Total 

Arizona 

12.2 

1 

12.2 
31.  1 

18.2 
•>i  « 

Arkansas 

29.5 

1 

1.7 
18.2 
11.6 

9.6 
15.5 

. 

California 



Colorado 

10.1 

0  1 

Connecticut .  . 

3  1          9  9 

Delaware  

3             I."!  7 

Georgia 

11.8 
55.2 

12.0 

4.  4  i        6.2 

28.3 
72.5 
24.0 

SI    7 

Idaho..,  

8.6 

7.7 
24.0 
51.3 

7  1 

.9 

Illinois 



Indiana . 

J 

4 

Iowa    

109.7 

99.7 

3.6 

""'4.'2" 

29.4 
10  0 

1 

6  j       146  8 

Kansas          

... 

11    Q 

1    1    1         190  Q 

Kentucky 

.  .  . 

3.6 

Louisiana 

22.6 
29.9 

1 

7.1 
10.8 
46.0 
8.6 
3.1 

.1 
.1 

29  8 

Maine 

4.8 
11.7 
12.5 

45  6 

Maryland 

1  . 

57  7 

Massachusetts 

1 

21  1 

Michigan 

8.5 

11  6 

Minnesota.     

ii.i 

48.3 
4.5 
25.2 
53.0 

11  1 

Mississippi ... 

40.6 

5.7 
18.7 

0.5 



95  1 

Missouri 

23  1 

Montana. - . 

'""i."8" 

120.4 

37.8 

42.8 

1.5 

.1 

1.0 

145  7 

Nebraska. ..  .. 

.4 

94  0 

Nevada.  

i 

42.  S 

New  Hampshire 

.5 

3.3 

1.0 
10.0 

.6 

6  9 

New  Jersey 

10. 0 

New  Mexico.'  ...  . 

11.5 

22.5 
4.6 

.54.0 

New  York... 

132.1 
26.1 

.7 
59  8 

136.fi 

North  Carolina 

26.1 

North  Dakota 

356.5 
7.6 
57.4 

9.4 

21.7 

... 

.4 

... 

S88.8 

Ohio 

ii.8 

5.5 

83  8 

Oklahoma 

7. 1  i 

64.7 

Oregon 

13.2 

8.8 

H.O 

Pennsylvania 

9.6 

47.8 
3.0 

57.4 

Rhode  Island 

4.4 

0.9 



8.3 

8outh  Carolina 

17.1 

2.2 

.1 

10.2 

South  Dakota 

119.8 
12.7 
39.3 

119.8 

Tennessee 

6.3 

.     5.6 
2.5 

24.6 

Texas.      .    

11.8 
49.4 

6.4 

1.4 

61.4 

Utah 

49.4 

Vermont 

1.5 

2.7 

26.7 

16.8 

20.9 

1.5 

Virginia 

3.9 
8.1 
22.9 
9.0 
6.2 

.2 
10.5 

4.2 

10.9 

Washington 

45.3 

West  Virginia 

.6 
.2 

40.3 

Wisconsin 

72.7 
4.2 

102.8 

Wvoming...  ._.    . 

10.4 

1 

Total 

1,  098.  8 

44.4 

606.9 

12.5 

55.9 

7.1 

632.1 

1.5 

10.  7  1  2. 469.  5 

BUREAU    OF    PUBLIC    ROADS 


27 


Table  16. — Mileage  of  stage  construction  completed  during  fiscal  year  1926,  by 

types  of  construction 


State 

Sand- 
clay 

Gravel 

Water- 
bound 
macadam 

Bitu- 
minous 
macadam 

Bitu- 
minous 
concrete 

Portland 

cement 

concrete 

Total 

California                - - 

7.1 

7. 1 

1.9 
0.9 
1.8 

1.9 

4.2 
34.2 

15.3 

20.4 

36.0 

Illinois        

0.6 
12.4 
9.5 
5.5 
3.9 
39.7 

.6 

12.4 

7.0 

3.1 

19.6 

28.5 

34.0 

3.9 

Minnesota                 .  -      - 

135.2 

35.8 

9.3 

197.9 

5.1 

15.0 

174.9 

.8 

36.6 

Missoiii-i 

19.5 
11.5 

28.8 

209.4 

5.1 

.8 
30.4 

15.8 

North  Carolina                 .  .  .  . 

6.8 

23.8 

61.0 

318.2 

318.2 

Oklahoma.- 

2.6 

2.0 

7.7 

7.7 

South  Carolina           - 

14.2 

14.2 

South  Dakota ..- -.. 

47.4 

47.4 

Texas 

33.3 

8.0 
3.7 

41.3 

3.7 

13.0 

13.0 

Wisconsin 

15.5 
32.8 

11.6 

27.1 

Wyoming 

18.0 

50.8 

Total 

7.8 

886.7 

6.8 

46.3 

49.5 

195.7 

1, 193. 0 

Table  17. — Mileage  of  projects  on  which  stage  construction  was  in    progress  on 

June  30,  1926 


state 

Gravel 

Water- 
bound 
macadam 

Bitu- 
minous 
macadam 

Bitu- 
minous 
concrete 

Portland 
cement 
concrete 

Brick 

Total 

Alabama 

4.8 

4.8 

Colorado -    _    -  .  - 

1 

6.7 

6.7 

Georgia 

18.8 

10.1 

3L9 

.2 

2.0 

60.8 

Idaho - 

15.5 

15.7 

Illinois 

1 

2.0 

Indiana 

11.6 

11.6 

Iowa 

38.9 
25.5 

2.3 

14.6 
25.6 
49.2 
14.7 

41.2 

Kentucky.. 

1 

40.1 

Michigan. 

25.6 

Minnesota 

49.0 

8.2 

41.6 

571.3 

98.2 

Missouri. 

22.9 

Montana  . .             .  . 

4.1 

45.7 

Nebraska ...  ...  _ 

-_i                  1 

571.3 

Nevada 

15.6 

15.6 

North  Carolina  ..         .      . 



14.8 

14.8 

North  Dakota.. 

157.3 

157.3 

Ohio 

6.7 

5.9 
17.4 

0.8 

13.4 

Oklahoma 

17.4 

South  Carolina.--  .  -  .  . 

14.7 

14.7 

South  Dakota 

44.0 

. 

44.0 

Tennessee 

28.0 
16.4 

28.0 

Texas 

34.1 

10.8 

61.3 

West  Virginia .  - 

8.0 

8.0 

Wisconsin 

7.8 

7.8^ 

Total .- 

943.6 

75.3 

36.5 

44.9 

227.8 

0.8 

1, 328.  9 
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Table  18. — Status  of  Federal  highway  system  June  30,  1926 


State 

Mileage  of 
Federal-aid 

system 
approved  to 
June  30, 1926 

Federal-aid 
mileage 

completed 
during 

fiscal  year 

Federal-aid 

mileage 
completed  to 
June  30, 1926 

Alabama 

3, 872. 0 
1, 498.  0 
5, 007.  0 

4. 574. 4 
3,332.0 

835.4 

385. 2 

1, 926.  0 

5,  558. 4 

2,  768.  fi 
5,  002. 2 
4, 679.  0 
7, 212.  0 
7, 892.  0 

3,  701. 0 
2, 664.  0 
1, 393.  5 
1, 479.  2 
1, 308. 0 
5, 235. 0 
6, 849.  6 
3, 604. 0 
7,  530. 0 

4,  661. 0 

5,  569. 1 
1, 398. 0 

977.4 

1. 198. 3 
3, 298. 0 
5, 018.  0 
3, 781. 0 
6, 836. 0 
5, 900.  5 
5,528.0 
2,  814. 0 

4. 090. 5 
242.4 

3, 230. 0 
5,731.0 
3, 252.  8 
11, 129. 0 
1, 588. 0 
1,043.0 
3, 075. 5 
2, 907. 7 
1, 994. 0 

5. 493. 4 
3, 071. 7 

262.0 

96.6 
281.6 
222.8 

84.5 
8.7 
8.6 

36.9 
322.7 
133.8 
182.4 
157.2 
138.6 
269.1 
188.8 

44.3 

15.6 
103.3 

56.8 
134.1 
528.0 
286.4 
446.1 
133.8 
146.6 
282.3 

29.6 

78.3 
137.6 
269.8 
164.6 
260.4 
197.0 
291.3 
132.4 
447.6 

23.5 
225.8 
765.9 
238.8 
723.5 
135.2 

27.2 
190.6 
116.7 

78.6 
134.5 
187.3 

1, 415. 7 

Arizona 

767.1 

Arkansas. 

1,418.5 

California- - 

1, 169. 7 

Colorado.                                                            .      .            .  .. 

797.0 

Connecticut...  . 

127.1 

Delaware .             

124.3 

Florida 

249.7 

Georgia 

1, 976. 5 

Idaho. 

773.7 

Illinois 

1, 467. 1 

Indiana 

687.2 

Iowa .                                                         .              

2, 177. 0 

Kansas . 

1, 263.  6 

Kentucky .                                  

787.4 

Louisiana 

1,  069. 8 

Maine 

303.6 

Maryland 

423.3 

Massachusetts.- 

385.7 

Michigan 

995.8 

Minnesota 

3,249.2 

Mississippi 

1, 158. 9 

Missouri 

1, 795. 7 

Montana.                                                                    .  .        .    . 

1,071.5 

Nebraska 

2,021.2 

Nevada . 

710. 1 

New  Hampshire..                                       .  .  

244.6 

307.9 

New  Mexico . 

1, 490. 5 

1,231.8 

North  ('arolina 

1,343.1 

North  Dakota.. 

3,275.7 

Ohio. 

1, 422. 6 

1,201.5 

Oregon...                                                         .              

961.6 

Pennsylvania...                                          .      .... 

1, 435. 2 

Rhode  Island .         

94.3 

South  Carolina.  .                           .    .         

1,  536. 9 

South  Dakota 

2, 345.  8 

835.3 

Texas.- 

S,  055. 8 

Utah 

622.6 

Vermont 

135.2 

Virginia.. 

1, 050. 1 

Washington..                                                     ..           . 

668.6 

414.5 

Wisconsin 

1, 619. 1 

1,225.1 

Total 

182,134.8 

9,417.3 

66,002.8 
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Tablb  19. — Federal-aid  apportionments  to  States,  expenditiires,  and   balances,  as 

of  June  SO,  1926 


State 

Apportionments 

Expenditures 

Balances 
unexpended 

Alabama.                                -  .  

$14, 349,  455.  00 

9,  617, 249.  00 

'    11,605,804.00 

22, 072,  815. 00 

12,325,812.00 

4,333.681.00 

2, 474, 058. 00 

8, 084, 954. 00 

18,431,953.00 

8, 559, 627.  00 

29, 832, 198.  00 

18,204,355.00 

19,485,563.00 

19,464,411.00 

13, 212,  809. 00 

9, 272, 408.  00 

6,464,828.00 

5, 925, 057. 00 

10, 108, 726.  00 

20, 342, 365.  00 

19, 591,  780.  00 

12, 128, 018.  00 

22, 786,  436. 00 

13,424,88.5.00 

14, 63,5,  235. 00 

8, 795, 215.  00 

3, 169,  492. 00 

8, 467, 420. 00 

10,972,386.00 

34, 045, 195. 00 

15,717,206.00 

10, 748, 659. 00 

25, 731,  796.  00 

16, 059,  787.  00 

10, 879, 347. 00 

31,338,781.00 

2,  667,  569.  00 
9, 801, 524.  00 

11, 166,  790. 00 

15, 280, 591.  00 

40, 606, 431. 00 

7, 818, 779. 00 

3,  268,  507. 00 
13, 501,  514. 00 
10, 145,  776.  00 

7, 352,  511.  00 

17, 438, 815.  00 

8,  566,  274.  00 

1, 100, 1.53. 00 

.$9,  919, 182.  48 
6,  259, 140. 19 
9, 102, 538. 31 

16, 120, 155.  30 
8, 129, 488. 18 
2, 352,  862. 75 
1,  917, 078. 26 
4, 849,  004. 58 

15, 440, 114.  91 
6,  689, 044.  87 

22, 546,  816.  03 

13,  505, 029. 08 
13,801,842.35 

14,  672,  787. 93 
9,910,161.61 
7, 033, 966. 34 
4,  506, 120.  68 
5, 146, 096.  97 
6,  794, 128. 62 

14,  663, 354.  69 
16,  93?,  876.  54 
9, 120, 178.  69 
16,  797, 074.  09 
6,  882, 815.  49 
8, 863,  931.  59 
7,493,361.19 
2, 481,  613.  23 

6,  762,  771.  79 

7,  874,  860.  93 
20,  677, 305.  80 
12,  874, 689. 22 

6, 800,  708.  71 

19, 172, 556.  90 

13, 660, 412.  30 

9, 448, 016. 39 

25, 427,  918.  97 

1,  558, 829.  06 

8, 247,  733.  92 

9, 370, 161.  .58 

12, 077, 084.  81 

31,411,089.08 

6, 028, 762. 02 

2, 161, 390. 47 

11,401,105.73 

8, 337,  999.  77 

5, 46.5, 643.  81 

11,306,868.99 

7,  235. 303.  91 

68,  556.  62 

$4,  430, 272.  52 

Arizona.   ..            

3, 358, 108.  81 

Arkansas 

2, 503,  265. 69 

California.- 

5,  952,  659. 70 

Colorado.                .    

4, 196, 323. 82 

Connecticut 

1, 980, 818. 25 

Delaware 

556, 979. 74 

Florida. 

3, 235, 949. 42 

Georgia. _ 

2,  991, 838.  09 

Idaho -       -    ..... 

1, 870,  582. 13 

Illinois     

7, 285, 381.  97 

Indiana 

4, 699, 325. 92 

Iowa. 

5,  683,  720. 65 

Kansas 

4,  791,  623. 07 

Kentucky.. 

3, 302, 647. 39 

Louisiana.   

2, 238, 441. 66 

Maine 

1,  958,  707. 32 

Maryland..                        .             ...           ...  . 

778,  960.  03 

Massachusetts 

Michigan 

3,314.597.38 
5,  679, 010. 31 

Minnesota     

2, 658, 903. 46 

Mississippi... 

3, 007,  &39. 31 

Missouri 

Montana 

Nebraska... 

Nevada.. 

New  Hampshire 

5,  989, 361. 91 

6,  542, 069. 51 
5,771,303.41 
1,  .301, 85.3.  81 

687, 878.  77 

New  Jersey... 

1,  704,  648.  21 

New  Mexico .        ..           

3, 097,  525.  07 

New  York 

13, 367, 889.  20 

North  Carolina. 

2, 842,  516.  78 

North  Dakota 

3, 947,  950.  29 

Ohio.    

6,  559, 239.  10 

Oklahoma 

2,399,374.70 

Oregon 

1, 431, 330.  61 

Pennsylvania... 

5,  910,  862. 03 

Rhode  Island.- 

1, 108,  739. 94 

South  Carolina 

1,  553,  790.  08 

South  Dakota.. 

1,  796,  628. 42 

Tennessee..              

3,  203, 506. 19 

Texas 

9,195,341.92 

Utah 

1,790,016.98 

Vermont  -.              .         .      . 

],  107, 116.53 

Virginia .^ 

2, 100, 408.  27 

Washington 

1,  807,  776.  23 

West  Virginia 

1,  886, 867. 19 

Wisconsin 

6, 131,  946. 01 

Wyoming- 

1, 330, 970. 09 

Hawaii . 

1,031,596.38 

Total 

671, 375, 000.  00 

499, 300, 535.  73 

i72, 074,  464. 27 

NATIONAL  FOREST  ROAD 
CONSTRUCTION 

The  appropriations  for  forest  road 
construction  are  being  expended  in 
the  several  States  in  which  the  forests 
are  located  on  specifically  designated 
systems  of  forest  highways  comprising 
a  total  of  13,459  miles,  of  which  11,271 
miles  are  in  the  11  States  of  the 
Mountain  and  Pacific  groups  and  the 
Territory  of  Alaska. 

In  all  States  affected,  with  the  excep- 
tion of  New  Mexico  and  Oregon,  the 
designation  of  these  systems  is  the 
result  of  agreement  between  the  State 
highway  departments,  the  Forest  Serv- 
ice, and  the  Bureau  of  Public  Roads, 
and  has  been  formally  approved  by  the 
Secretary  of  Agriculture.  In  the  two 
States   mentioned   as   exceptions   final 


agreement  between  the  cooperating 
agencies  has  not  yet  been  reached  and 
the  systems  have  not  been  approved 
by  the  Secretary,  but  pending  final 
action  work  is  proceeding  upon  systems 
designated  by  the  Bureau  of  Public 
Roads. 

The  highways  comprising  the  systems 
in  the  several  States  are  classified 
according  to  their  character  as  class  1 
highways,  which  are  necessary  sections 
or  extensions  of  the  Federal-aid  system 
lying  wholly  within  the  forests;  class  2 
highways  which  are  extensions  of  the 
Federal-aid  systems  extending  to  towns 
outside  of  the  forests,  and  class  3  high- 
ways which  are  largely  of  local  service 
to  Communities  within  the  forests. 

The  mileage  of  the  systems  in  the 
several  States,  classified  as  above 
described,  is  given  in  Table  20. 
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Table  20. — Classified  mileage  of  forest 
highway  systems  in  the  several  States 


State 

Mileage  of  forest  highway 
system 

Class  1 

Class  2 

Class  3 

Total 

Western: 
Alaska 

Miles 

Miles 

Miles 
316.5 
246 
737 
527 
347 
377 
94 
199 
445 
237 
147.8 
149 

Miles 
316.5 

Arizona 

California 

Colorado.. 

174 
312.9 

""473"^ 

995.  6 
1,243 

754 

652 

366 

211 

872.4 

415 

263.7 

380 

893 
2, 045.  5 
1,770 

Idaho . 

1,101 

Montana. 

Nevada.   

'"i45"" 

1,174 
460 

New  Mexico  i. 

Oregon  i 

Utah 

115 

58 

525 

1, 375.  4 

652 

Washington... 
Wyoming 

18.4 

429.9 
529 

Total 

823.3 

6,  625.  7 

3, 822. 3 

11,271.3 

Eastern: 
Alabama  . 

34 
20 

106 
81 
11 
20 

142 
25 

61 
196 

33 
166 

22 

59 
188 
273 
159 

34 

Arkansas 

Florida 

Georgia 

131 
3 

51 
13 

202 
122 
81 

Maine...  .  .  . 

11 

Michigan . 

20 

Minnesota 

38.5 

180.5 

Nebraska 

25 

New     Hamp- 
shire.-   

18.3 
49 

15.5 

94.8 

North  Carolina 
Oklahoma..  . 

245 
33 

Pennsylvania.. 
South  Carolina 
South  Dakota. 
Tennessee 

24.5 


........ 

153 
55 

28 
4 

190.5 
28 
214 
243 

Virginia 

301 

West  Virginia. 
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Total 

227.8 

364 

1,596 

2, 187.  8 

Grand 
total 

1, 051. 1 

6,989.7 

5, 418. 3 

13, 459. 1 

'  System  designated  by  the  Bureau  of  Public 
Koads  not  yet  approved  by  Secretary  of  Agricul- 
ture. 

It  is  planned  to  expend  approxi- 
mateh'  70  per  cent  of  each  annual 
appropriation  for  the  construction  of 
the  highways  of  classes  1  and  2,  which 
undoubtedly  serve  the  greatest  traffic 
at  present,  using  the  balance  for  the 
improvement  of  the  class  3,  or  local 
forest  highways.  The  administration, 
survey,  and  construction  of  these 
highways  and  their  maintenance  for 
the  first  two  years,  constituting  the 
principal  road  construction  activity 
conducted  independently  by  the  United 
States  Government,  has  been  delegated 
to  the  Bureau  of  Public  Roads. 

There  were  622.5  miles  of  forest 
highway  projects  completed,  which, 
added  to  the  mileage  completed  previ- 
ously, bring  the  total  of  improved 
mileage  up  to  3,045.6  miles,  ecjuivalent 
to  22.6  per  cent  of  the  designated 
systems.  The  mileage  completed  in 
the  several  States  during  the  year 
and  to  date  is  shown  in  Table  2L 


Table  21. — Mileage  of  completed  forest 
highway  projects  by  states. 


Mileage    of    forest 
highway  projects 
completed 

state 

During 
1926 

Total  to 

June  30, 

1926 

Western: 
Alaska ... 

Miles 
30.7 
89.2 
56.4 
32.1 
44.4 
66.9 
9.4 
44.3 
133.5 
16.3 
29.6 
39.6 

Miles 
146.4 

Arizona.-             

216.6 

California.. 

202.6 

Colorado.. 

211.4 

Idaho..      .....         . 

383.6 

Montana           ..      .  ....  . 

303.3 

Nevada.     ...      .... 

94.2 

New  Mexico     ... .. 

164.1 

Oregon.      .....  

464.9 

Utah.  .      

259.0 

Washington.     .  .  . 

184.1 

Wyoming 

173.8 

Total 

592.4 

2, 804. 0 

Eastern: 

Arkansas- 

Florida.         

2.3 
6.2 

56.8 
64.2 

8.6 

Minnesota  _.         

19.4 
2.2 

34.6 

New  Hampshire .  . 

2.2 

North  Carolina..-         .  -.. 

10.4 

South  Carolina            ..  ..- 

9.3 

South  Dakota-             

34.8 

Tennessee-    .                

12.2 

Virginia..                         -... 

0.5 

Total 

30.1 

341.0 

Grand  total    . 

622.6 

3,046.6 

Outstanding  among  the  forest  high- 
ways recently  completed  are  such 
noteworthy  projects  as  the  Mount 
Hood  Loop  road  in  Oregon,  the 
Prescott-White  Spar  road  in  Arizona, 
the  Warm  River- Yellowstone  road  in 
Idaho,  the  Smith  River  Canyon  road 
in  northern  California,  the  Neskowin- 
Siletz  River  road  in  Oregon,  the 
Berthoud  Pass  road  in  Colorado,  the 
Canoncito-Pecos  road  in  New  Mexico, 
and  the  Cody- Yellowstone  road  in 
W3'oming.  For  the  engineering 
features  involved  in  their  construction 
and  the  difficulties  overcome  these 
roads  are  not  surpassed  in  the  world. 

FEDERAL-AID  AND  FOREST  ROAD  WORK 
ASSOCIATED  IN  WEST 

In  1916,  when  the  Federal-aid  policy 
was  inaugurated,  the  States  of  the 
mountain  and  Pacific  groups  were  just 
beginning  systematic  highway  con- 
struction. California  had  been  operat- 
ing for  five  years,  Washington  had 
made  considerable  progress,  and  Colo- 
rado and  a  few  of  the  other  States  had 
begun  work.  The  Federal  legislation 
immediately  stabilized  State  highway 
operations  in  all  of  these  States  and 
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slrciigthciiing  legislation  has  since  fol- 
lowed. 

The  terrain  of  this  western  region  is 
characterized  by  high  mountains  and 
broad  desert  areas.  Through  and 
across  these  mountains  and  deserts 
Jiighway  construction  is  expensive  and 
difficult  but  absolutelj-  necessary  to 
serve  the  fertile  valleys  and  irrigated 
semiarid  sections  in  which  many  people 
live,  as  well  as  to  facilitate  through 
transportation  between  the  Mississippi 
Valley  and  the  west  coast. 

Of  this  great  western  area  the  na- 
tional forests  occupy  approximately  17 
per  cent,  the  national  parks  a  fraction 
of  1  per  cent,  and  the  rest  of  the  public 
domain,  including  Indian  reservations, 
nearly  30  per  cent.  These  vast  na- 
tionally-owned and  sparsely  inhabited 
areas  are  so  located  that  they  separate 
the  fertile  and  inhabited  sections  and 
must,  therefore,  be  crossed  in  passing 
from  one  communitj'  to  another.  Yet 
the  States  in  which  they  lie  have  no 
jurisdiction  over  them,  nor  power  to 
tax  the  land  for  purposes  of  highway 
construction ;  consequently  connected 
highway  development  would  be  an  im- 
possibility without  the  cooperation  of 
the  Federal  Government. 

Recognizing  this  condition.  Congress 
has  made  appropriations  each  year 
since  1917  for  the  purpose  of  building 
roads  in  and  across  the  forest  areas  and 
to  towns  adjacent  thereto.  In  1921  it 
adopted  the  so-called  sliding  scale  of 
Federal-aid  participation  which  per- 
mits an  increase  of  the  normal  50  per 
cent  participation  by  an  amount  pro- 
portionate in  each  State  to  the  per- 
centage of  unappropriated  public  land, 
exchisive  of  the  national  forests  and 
parks.  The  law  also  permits  the  Secre- 
tary of  Agriculture  to  pay  the  entire 
cost  of  projects  in  Indian  reservations. 
Thus,  by  making  independent  pro- 
vision for  the  construction  of  roads  in 
the  forest,  park,  and  Indian  reserva- 
tions, and  by  increasing  the  allowable 
percentage  of  participation  in  Federal- 
aid  projects  in  other  parts  of  these 
States,  the  United  States  has  sought 
to  bear  its  proper  share  of  the  cost  of 
supplying  the  necessary  improved  high- 
way facilities,  not  only  for  its  own  do- 
main, but,  by  suitable  connection  with 
the  State  highways,  for  the  entire 
region. 

It  follows,  therefore,  that  the  forest 
road  construction  and  the  national 
parks  road  work  for  which  the  United 
States  has  made  itself  solely  responsible 
should  be  carried  on  in  harmonious 
relation  to  the  cooperative  Federal-aid 
construction  and  the  unaided  construc- 
tion of  the  State  highway  departments. 
This,   happily,   is   being  accomplished 


under  the  present  arrangements, 
whereby  the  forest  road  program  is 
determined  upon  by  agreement  be- 
tween the  State  officials  and  officers  of 
the  two  Federal  bureaus,  and  the 
National  Park  Service  of  the  Interior 
Department  is  cooperating  closely  with 
the  Department  of  Agriculture. 

Thanks  to  the  sliding-scale  pro- 
visions of  the  Federal  highway  act, 
highways  have  been  rapidly  extended 
across  desolate  and  almost  inipassable 
areas,  particularly  in  the  arid  South- 
west, and  the  forest  road  appropria- 
tions have  permitted  the  improvement 
of  vital  connecting  links  on  trans- 
continental routes. 

Necessarily  the  forest  highway  ap- 
propriations have  taken  the  heaviest 
burden  because  the  forests  lie  in  the 
mountains  where  topography  is  rugged, 
the  working  season  short,  and  the  loca- 
tion remote,  all  factors  which  spell  high 
unit  costs  of  construction.  Yet,  de- 
spite these  handicaps,  prices  of  65  and 
75  cents  a  cubic  yard  for  unclassified 
excavation  have  not  been  uncommon. 

The  improvement  of  these  highways, 
both  the  Federal-aid  and  forest  sections, 
has  of  necessity  been  limited  in  the 
beginning  to  first-stage  construction, 
but  it  has  enabled  the  traffic  to  pass 
with  increasing  safety,  speed,  and  com- 
fort, and  the  remaining  unimproved 
gaps  are  being  rapidly  closed.  Mean- 
while, as  the  traffic  increases  standards 
of  construction  are  being  constantly 
raised.  Grades  and  curvature  are 
being  reduced  and  widths  increased, 
and  projects  constructed  originally  as 
unsurfaced  earth  roads  are  being 
surfaced.  ^ 

HIGHWAY  RESEARCH 

The  physical  and  economic  researches 
which  have  been  carried  on  by  the 
bureau  for  several  years  have  for  their 
purpose  the  establishment  of  scientific 
facts  as  a  means  of  promoting  economy 
in  the  expenditure  of  highway  funds. 
This  work,  which  is  regarded  as  a  most 
important  function  of  the  bureau, 
results  each  year  in  the  development  of 
information  of  immediate  practical  sig- 
nificance and  in  the  accumulation  of  a 
mass  of  detailed  observational  data 
which,  as  its  volume  grows,  is  perhaps 
of  even  greater  value  than  the  immedi- 
ate benefits. 

Among  the  investigations  which  have 
produced  results  of  direct  practical 
application,  one  of  the  most  important 
is  that  which  has  had  for  its  object  the 
promotion  of  the  efficiency  of  various 
operations  of  road  construction.  This 
is  a  continuation  of  work  which  was  well 
advanced  during  the  preceding  year. 


32 


ANNUAL   REPOBTS    OF    DEPARTMENT    OF    AGRICULTURE 


So  far  the  studies  have  been  confined  to 
operations  of  earth  moving  and  con- 
crete-pavement construction  in  which 
there  is  perhaps  the  greatest  oppor- 
tunity for  substantial  saving. 

The  method  employed  in  both  cases 
has  been  the  same.  The  object  has 
been  to  ascertain  and  measure  the  pre- 
ventable losses  of  time  in  construction 
operations,  and  this  has  been  accom- 
plished by  timing  such  operations  with 
a  stop  watch  on  actual  construction 
projects  with  histories  of  progress  indi- 
cating various  degrees  of  efficiency. 
The  comparatively  low  average  effi- 
ciency of  current  work  revealed  is  not 
alarming.  It  is  not  lower  than  that 
which  prevails  in  most  construction  and 
manufacturing  operations;  but  the  sim- 
plicity of  the  methods  which  have  been 
developed  for  the  elimination  of  the 
various  losses  is  distinctly  encouraging 
and  the  results  that  have  been  obtained 
when  these  methods  have  been  applied 
both  by  engineers  of  the  bureau  and  by 
contractors  is  very  gratifying  indeed. 

Savings  of  from  25  to  35  per  cent  are 
shown  to  be  generally  possible  by  the 
earth-moving  studies.  This  result  is 
attained  by  the  selection  of  the  kind  of 
grading  equipment  best  suited  to  the 
prevailing  length  of  haul  on  the  project, 
whether  slip  scrapers,  fresnoes,  wheel 
scrapers,  elevating  graders,  steam  shov- 
els, or  other  type,  and  by  the  proper 
adjustment  of  the  number  of  units  of 
equipment  as  the  length  of  hauls  varies 
within  the  general  limits  for  the  job  as 
the  work  progresses. 

The  most  far-reaching  of  the  indica- 
tions of  these  studies  is  that  which 
points  to  the  desirability  of  a  departure 
from  the  practice  long  employed  in  the 
design  of  railroad  and  highway  grades, 
of  balancing  cuts  and  fills  in  favor  of  a 
design  which  will  render  more  nearly  of 
uniform  length  the  haul  of  material 
from  cut  to  embankment  in  all  parts  of 
the  project,  and  which  will  reduce  the 
length  of  haul  to  a  minimum.  With  a 
given  limiting  gradient  and  rate  of  cur- 
vature and  practically  without  change 
in  the  quantity  of  earth  moved  it  has 
been  found  possible  to  reduce  by  as 
mucli  as  20  iDer  cent  the  cost  of  grading 
with  an  elevating-grader  outfit  by  this 
method  of  design  in  comparison  with  the 
older  method.  This  is  the  saving  pos- 
sible from  the  change  in  design  alone 
and  does  not  include  the  savings  which 
ordinarily  may  be  made  on  any  job  by 
improvements  in  managerial  efficiency. 

INCREASED   OUTPUT  IN   PAVING 

The  studies  of  concrete-paving  opera- 
tions indicate  that  there  are  few  proj- 
ects on  which  the  average  daily  output 


can  not  be  increased  25  per  cent,  and 
many  on  which  it  is  possible  to  obtain 
increases  of  50  and  even  100  per  cent. 
The  preventable  losses  in  work  of  this 
character  are  mainly  the  result  of  mal- 
adjustment of  material-hauling  equip- 
ment in  number  and  character  to  the 
capacity  of  the  concrete  mixer. 

By  careful  elimination  of  such  losses 
engineers  of  the  bureau  have  made 
astonishing  increases  in  the  output  of 
working  organizations,  but  more  grati- 
fj'ing  than  these  results  has  been  the 
success  which  has  attended  the  efforts 
of  contractors,  who  have  made  an  effort 
to  apply  similar  methods.  In  one  case 
of  which  we  have  received  a  report  the 
contractor  was  able,  bj'^  his  own  efforts, 
to  increase  the  production  of  pavement 
from  350  to  600  feet  daily;  and  in  an- 
other case  in  the  same  State  the  daily 
footage  was  increased  from  600  to- 
1,000.  Still  more  gratifying  is  the  fact 
that  on  the  next  contracts  obtained  by 
these  two  contractors,  involving  4(> 
miles  of  concrete  pavement,  the  price 
bid  was  $37,000  less  than  the  normal. 
Another  indication  of  the  effectiveness 
of  the  methods  is  furnished  by  the  fact 
that  on  eight  jobs  recently  let,  the  com- 
bined bid  of  a  contractor  whose  job 
last  season  was  speeded  up  by  the 
bureau  was  .$96,000  below  that  of  the 
next  lowest  bidder. 

THINNER   BRICK  FOR  PAVING 

Another  investigation  that  has  pro- 
duced results  of  immediate  value  is  the 
study  of  the  relative  resistance  to 
traffic  of  pavements  built  of  five  thick- 
nesses of  paving  brick.  For  a  long  time 
it  has  been  the  standard  practice  in 
brick-pavement  construction  to  use 
l)rick  approximately  4  inches  thick. 
Lately  in  some  sections  of  the  country 
there  have  been  trials  of  thinner  brick, 
some  of  them  involving  the  use  of  brick 
as  thin  as  2J^  inches.  Although  the 
behavior  of  these  trial  sections  has  been 
almost  uniformly  satisfactory,  engi- 
neers have  been  reluctant  to  adopt  the 
thinner  brick  because  of  doubt  as  to 
their  performance  under  conditions  dif- 
fering from  those  of  the  southwestern 
section  in  which  practically  all  the 
trials  have  been  made.  Lack  of  con- 
fidence in  the  abiUty  of  the  thinner 
brick  to  withstand  the  heavy  pound- 
ing of  truck  wheels  equipped  with  non- 
skid  chains  lias  ))cen  one  of  the  reasons 
which  have  prevented  engineers  gen- 
erally from  availing  themselves  of  the 
obvious  opportunity  to  save  expense; 
and  this  fear  has  been  especially  strong 
in  the  Northern  States  in  which  in 
winter  it  is  not  uncommon  for  heavy 
vehicles   equipped   with   chains   to   be 
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confined  in  their  operation  to  a  single 
path  by  snow  ruts.  This  is  perhaps 
the  most  severe  condition  of  use  to 
which  any  pavement  is  ever  subjected. 

To  resolve  these  doubts  and  to  de- 
termine definitely  just  what  minimum 
thickness  of  brick  can  be  expected  to 
give  satisfactory  service  the  bureau 
constructed  a  circular  pavement  at 
Arlington,  Va.,  paved  in  several  sec- 
tions with  brick  of  2,  23^,  3,  3K,  and 
4  inch  thickness.  These  it  subjected 
to  a  controlled  traffic  of  motor  trucks 
both  with  and  without  chains  until  the 
equivalent  of  18  or  20  years  of  normal 
trafl5c  had  been  applied.  The  result  is 
a  conclusive  proof  of  the  adequacy  of 
2^-inch  brick,  which  will  be  generally 
accepted  and  thus  lead  to  a  large  an- 
nual saving  in  the  cost  of  brick  pave- 
ments. 

Certain  results  of  the  motor-truck- 
impact  tests  also  have  immediate  use- 
fulness, especially  those  which  indicate 
the  effect  of  the  kind  and  condition  of 
tires  used.  This  information  should 
lead  at  once  to  the  development  of 
tire  equipment  which  will  be  less  de- 
structive to  the  road  surface.  In  this 
investigation  the  bureau  has  had  the 
hearty  cooperation  of,  the  Society  of 
Automotive  Engineers  and  the  Rubber 
Association  of  America,  and  results  of 
the  highest  importance  to  all  groups 
interested  have  been  obtained. 

IMPORTANCE  OF   TRAFFIC  SURVEYS 

Extensive,  state-wide  surveys  of  high- 
way utilization  have  been  made  in  Con- 
necticut, Maine,  Pennsylvania,  Ohio, 
California,  and  Cook  County,  111.,  and 
preparations  are  being  made  for  similar 
surveys  in  New  Hampshire  and  Ver- 
mont. 

The  evidence  developed  by  these 
surveys  as  to  the  weight  and  volume 
of  traffic  in  all  parts  of  the  State  high- 
way systems  is  of  the  utmost  practical 
importance  to  the  highway  authorities 
of  the  States.  The  traffic-flow  maps 
developed  present  a  graphic  picture  of 
the  relative  importance  of  the  various 
roads  included  in  the  system  which 
enables  those  in  charge  of  highway  ad- 
ministration to  prepare  a  really  scien- 
tific budget  and  to  design  with  prac- 
tical certainty  the  improvement  of  the 
various  parts  of  the  system,  scheduling 
such  improvement  in  the  order  indi- 
cated by  the  volume  and  importance 
of  the  traffic. 

Not  until  these  surveys  were  made 
has  any  highway  official  had  for  his 
guidance  such  exact  information.  In 
the  face  of  it  clashing  opinions  and 
political  pressure  lose  their  power  to 
sway  the  course  of  improvement,  and 


the  highway  program  is  placed  solidly 
upon  a  scientific  basis.  This  is  the 
immediate  result;  the  less  direct  bene- 
fits which  result  from  the  gradual 
accumulation  of  basic  facts  leading  to 
the  development  of  the  economic  laws 
of  highway  transportation  are  no  less 
important. 

What  is  the  economic  field  of  the 
motor  truck?  To  what  degree  does  it 
compete  with  the  railroads?  To  what 
extent  is  such  competition  desirable? 
What  is  the  economic  range  of  highway 
trayel?  What  part  of  the  movement  fs 
an  interstate  movement?  Is  or  is  not 
highway  improvement  actually  justi- 
fied by  traffic  savings?  These  and 
other  questions  of  a  similar  character 
demand  answers;  and  the  bureau's  sur- 
veys are  supplying  the  basic  facts  upon 
which  these  answers  will  finally  be 
formulated.  It  may  almost  be  said 
that  the  bureau  and  its  cooperators 
alone  are  carrying  on  this  important 
work. 

Typical  of  such  long-time  investiga- 
tions is  the  painstaking  work  that  is 
being  done  in  the  study  of  the  charac- 
teristics of  soils  as  highway  subgrades. 
The  variety  of  soils  is  limitless.  Uni- 
formity of  subgrade  support  is  the  aim. 
How  to  deal  with  so  wide  a  variety  of 
materials  and  produce  a  condition  of 
uniformity,  or  failing  this,  make  suita- 
ble correction  of  the  pavement  or  sur- 
face is  a  problem  to  which  there  is  no 
hope  of  immediate  solution. 

Those  who  are  working  in  this  very 
important  field  are  urged  less  by  the 
hope  of  finding  a  final  solution  than  by 
the  passion  of  the  scientist  for  facts. 
By  unremitting  careful  work  they  are 
gradually  piling  up  observation  upon 
observation  from  the  analysis  of  which 
a  solution  will  finally  be  obtained,  but 
of  this  there  is  no  present  prospect. 
The  bureau  is  a  pioneer  in  this  field. 

Of  similar  character  are  the  various 
researches  conducted  independently 
and  in  cooperation  with  universities 
which  have  for  their  purpose  the  meas- 
urement of  stresses  in  concrete  under 
impact  and  static  loads  and  also  those 
resulting  from  variation  in  temperature 
or  moisture.  Important  fundamental 
facts  have  been  produced  by  such  in- 
vestigations conducted  at  Purdue  and 
Johns  Hopkins. 

A  method  has  been  developed  b}- 
which  the  load-carrying  capacity  of 
concrete  pavements  can  be  determined 
in  a  few  hours  by  a  single  field  test. 
Such  a  test  made  in  Cook  County,  111., 
demonstrated  that  the  heaviest  pave- 
ment design  provided  by  the  county 
was  just  sufficient  to  carry  the  heaviest 
load  permitted  under  the  law.     A  simi- 
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lar  demonstration  in  another  State 
showed  that  the  design  of  pavement 
adopted  was  not  adequate  for  the  loads 
legally  permitted. 

There  has  been  a  demand  from  legis- 
lators and  from  designing  engineers  for 
information  on  the  relative  eflfect  upon 
the  pavement  of  6  and  8  wheel  trucks 
and  busses  in  comparison  with  the 
usual  4-wheel  vehicles.  To  supply  this 
needed  information  the  bureau  under- 
took and  completed  a  series  of  tests 
which  have  demonstrated  that  a  much 
larger  gross  load  can  be  carried  on  a  6 
or  8  wheel  vehicle  than  on  a  4-wheel 
vehicle  with  no  greater  harm  to  the 
pavement. 

One  of  the  outstanding  engineering 
accomplishments  of  the  day  is  the  suc- 
cessful construction  of  the  largest 
single-span  suspension  bridge  in  the 
world  across  the  Delaware  River  at 
Philadelphia.  A  concrete  highway  57 
feet  wide  passes  over  this  bridge. 
Obviously  this  concrete  floor  must  be 
very  strong  yet  comparatively  light. 

In  order  to  be  sm"e  that  the  6-inch 
slab  designed  for  this  purpose  would  be 
amply  strong,  the  Delaware  River 
Bridge  Joint  Commission  requested  the 
Bureau  of  Public  Roads  to  make  static- 
load  and  impact  tests  on  a  floor  slab 
identical  in  design  with  those  of  the 
bridge. 

Such  tests  have  been  made  and  have 
shown  that  the  design  which  is  unusu- 
ally light  and  inexpensive  is  of  suffi- 
cient strength  to  carry  any  load  or 
impact  to  which  it  can  legally  be  sub- 
jected. Aside  from  the  immediate 
value  of  this  information  there  is  the 
more  general  benefit  which  will  result 
from  the  use  of  this  economical  design, 
now  proved  to  be  ample,  on  other 
bridges. 

In  an  effort  to  find  the  cause  and  sug- 
gest a  remedy  for  the  disintegration 
of  concrete  structures  resulting  from 
weather  action  a  comprehensive  series 
of  freezing  and  thawing  tests  has  been 
instituted,  the  results  of  which  to  date 
point  to  the  necessity  of  certain  pre- 
cautions. Such  precautions  duly 
taken,  it  is  expected  will  prevent  a 
considerable  loss  in  highway  and  other 
concrete  structures. 

In  come  sections  of  the  country  it 
has  been  necessary  to  spend  hundreds 
of  thousands  of  dollars  to  repair  damage 
to  highways  by  landslides.  A  field 
study  of  the  conditions  surrounding 
these  slides  is  being  made  with  a  view 
to  devising  efficient  means  for  their 
prevention.  Already,  in  some  cases,  it 
has  been  possible  to  suggest  remedies 
which  will  probably  prevent  further 
trouble. 


Another  of  the  important  studies 
now  being  conducted  is  that  relbting  to 
the  stability  of  bituminous  paving 
mixtures.  By  means  of  a  circular  test 
road  on  which  various  mixtures  have 
been  subjected  to  traffic,  and  by  special 
tests  conducted  in  the  laboratory,  an 
effort  is  being  made  to  discover  the 
laws  which  govern  the  stability  of  the 
mixtures.  The  information  sought  in 
these  studies  is  of  a  fundamental  na- 
ture and  it  is  hoped  that  it  will  result  in 
the  development  of  a  design  for  bitu- 
minous pavements  which  will  not  rut 
or  wave.  If  successful,  this  investiga- 
tion will  result  in  great  economies  in 
bituminous  pavement  construction. 

COOPERATIVE  INVESTIGATIONS 

Among  the  cooperative  investiga- 
tions in  which  the  bureau  is  working 
with  various  universities  and  State 
highway  departments  are  several  of 
which  the  aim  is  to  develop  a  suitable 
type  of  cheap  surface  for  rural  high- 
ways. At  the  University  of  Georgia 
combined  laboratory  and  field  investi- 
gations are  being  made  to  improve  the 
service  value  of  sand-clay  and  topsoil 
roads.  The  lowa  and  South  Dakota 
highway  departments  are  endeavoring 
to  develop  a  method  of  improving  the 
service  of  earth  roads  by  incorporation 
of  lime  and  Portland  cement;  and  in 
South  Carolina  experiments  are  being 
made  with  a  view  to  preserving  earth 
roads  by  applications  of  bituminous 
materials.  The  importance  of  these 
investigations,  in  view  of  the  fact  that 
millions  of  miles  of  roads  throughout 
the  country  must  long  remain  unpaved, 
can  not  be  overemphasized. 

Other  cooperative  investigations  con- 
tinued during  the  year  include  the  tests 
made  by  the  Iowa  State  College  to  de- 
termine the  tractive  resistance  of 
various  types  of  highway  surface,  those 
made  at  the  Kansas  Agricultural  Col- 
lege to  measure  the  wind  resistance  of 
automobiles,  and  those  conducted  at 
the  University  of  Kansas  for  the  pur- 
pose of  measuring  tire  wear  on  various 
surfaces  and  pavements. 

In  addition  to  the  research  work  of 
which  that  described  is  the  most  im- 
portant, the  bureau  also  carries  on 
continuously  a  routine  examination  of 
highway  materials  mainly  for  the  pur- 
pose of  checking  the  work  and  thus 
controlling  the  large  number  of  State 
and  commercial  laboratories  upon 
whose  tests  the  acceptance  of  materials 
used  in  Federal-aid  road  construction 
depends.  The  results  of  this  work  are 
evident  in  a  general  improvement  of  all 
laboratories  and  both  Federal-aid  and 
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state-highway  construction  have  bene- 
fited by  it. 

In  this  connection  the  bureau  has 
made  numersous  improvements  in  test- 
ing instruments  and  apparatus  as  well 
as  in  the  methods  of  testing  which 
have  been  generally  adopted. 

ORGANIZATION  OF  THE  HIGHWAY  FORCE 
OF  THE  BUREAU  OF  PUBLIC  ROADS 

The  organization  of  the  highway 
force  of  the  Bureau  of  Public  Roads 
which  is  responsible  for  the  work  re- 
ported upon  in  this  report  consists  of  a 
headquarters  staff  of  eight  divisions 
under  the  chief  of  bureau  in  the  Wash- 
ington office.  Three  of  thiese,  the  divi- 
sions of  design,  construction,  and 
bridges,  constitute  the  staff  which 
under  the  chief  engineer  and  chief  of 
bureau  are  responsible  for  the  conduct 
of  the  Federal-aid  and  forest-road  work. 
The  division  of  control  is  responsible 
for  all  accounting,  for  statistics  and 
records,  and  for  investigations  dealing 
with  the  economy  and  efficiency  of  road 
construction.     The    division    of    tests 


and  research  carries  on  all  physical 
researches  and  makes  routine  tests  of 
highway  materials.  The  division  of 
highway  transportation  and  economics 
conducts  research  along  economic  lines 
with  particular  reference  to  the  eco- 
nomics of  highway  transportation.  In 
addition  thei'e  are  the  legal  and  editorial 
divisions  performing  obvious  functions. 
In  addition  to  this  headquarters 
staflf  there  is  a  field  force  through  which 
direct  contact  is  maintained  with  the 
several  States  in  all  matters  relating  to 
the  Federal-aid  and  forest-road  work. 
This  force  is  headed  by  11  district 
engineers  with  offices  in  Troy,  N.  Y.; 
Washington,  D.  C;  Montgomery,  Ala.; 
Chicago,  111.;  St.  Paul,  Minn.;  Omaha, 
Nebr.;  Fort  Worth,  Tex.;  Denver, 
Colo.;  Ogden,  Utah;  Portland,  Oreg.; 
and  San  Francisco,  Calif.  The  eight 
eastern  districts  report  directly  to  the 
chief  engineer  at  Washington;  those 
with  headquarters  in  Denver,  Port- 
land, and  San  Francisco  report  to  the 
deputy  chief  engineer,  whose  head- 
quarters are  in  San  Francisco,  and 
through  him  to  the  Washington  office. 
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REPORT  OF  THE  CHIEF  OF  THE  BUREAU  OF  PUBLIC  ROADS 


United  States  Depaetment  of  Agriculture, 

Bureau  of  Public  Roads, 
Washington,  D.  C,  September  1,  1927. 
Sir:  I  have  the  honor  to  submit  herewith  the  report  of  the  Bureau 
of  Public  Roads  for  the  fiscal  year  ended  June  30,  1927,  covering 
the  work  done  in  connection  with  the  construction  of  Federal-aid 
and  national-forest  roads  and  the  economic  and  physical  researches 
made  in  the  highway  field.     A  report  of  the  work  done  by  the  agri- 
cultural engineering  division  of  the  bureau  is  submitted  separately. 
Respectfully, 

Thos.  H.  MacDonald, 

GMej  of  Bureau. 
Hon.  W.  M.  Jardine, 

Secretary  of  Agriculture. 


Through  the  Bureau  of  Public  Roads, 
the  Department  of  Agriculture  cooper- 
ated during  the  past  year  with  th'e 
highway  departments  of  the  several 
States  and  Hawaii  in  the  construction 
of  more  than  8,300  miles  of  the  Federal- 
aid  highway  system  not  previously 
improved  with  Federal  assistance;  and 
completed  secondary  improvements, 
necessitated  by  increased  traffic,  on 
1,376  miles  additional. 

Independently,  for  the  most  part,  it 
completed  the  construction  of  453  miles 
of  main  highways  in  the  national 
forests;  and  at  the  request  of  the 
National  Park  Service  it  surveyed  and 
supervised  the  construction  of  impor- 
tant roads  in  the  national  parks  and 
monuments,  among  them  a  number 
which  will  give  access  to  hitherto  unap- 
proachable beauty  spots  of  the  national 
domain. 

In  cooperation  with  the  State  govern- 
ments it  completed  the  selection  of  the 
principal  transcontinental  roads  which 
wiU  form  the  United  States  highway 
system,  and  arranged  for  the  uniform 
marking  of  these  important  arteries  in 
all  States  as  an  aid  to  interstate 
travelers. 

Continuing  the  distribution  of  war 
materials  released  by  the  War  Depart- 
ment, it  brought  to  practical  comple- 
tion this  work  begun  shortly  after  the. 
close  of  the  World  War.  The  wide 
variety   of   useful   road  material  thus 


turned  over  to  the  State  highway 
departments  has  served  materially  to 
advance  the  progress  of  road  improve- 
ment in  all  States,  and,  especially,  to 
preserve  the  roads  constructed  in  a 
number  of  States  in  which  the  equip- 
ment necessary  for  efficient  mainte- 
nance was  lacking.  Of  the  origihally 
large  and  varied  assortment  of  ma- 
terial available  only  a  small  quantity 
of  explosives  now  remains  to  be  dis- 
tributed, and  this  distribution  will  be 
completed  during  the  next  12  months. 
The  value  of  the  material  distributed, 
exclusive  of  explosives,  is  estimated  as 
approximately  $242,500,000.  The  ex- 
plosives distributed  to  June  30,  1927, 
are  valued  at  about  $18,600,000,  mak- 
ing the  total  estimated  value  of  material 
distributed  to  date  approximately 
$261,100,000.  Of  this  total,  material 
valued  at  about  $224,600,000  has  been 
transferred  to  State  highway  depart- 
ments; the  amount  used  by  the  De- 
partment of  Agriculture  and  other 
Government  agencies  is  approximately 
$27,000,000,  and  the  explosives  made 
available  to  farmers  have  been  valued 
at  approximately  $9,500,000. 

Equaling,  if  not  transcending,  in 
value  the  services  thus  directly  ren- 
dered in  the  construction  of  roads,  the 
researches  of  the  bureau  have  made 
available  to  engineers  more  exact 
knowledge  of  the  fundamentals  of 
highway    design    and    economics.     Of 
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special  importance  are  the  studies  of 
the  magnitude  and  effects  of  the  im- 
pact of  heavy  motor  trucks  upon 
highway  surfaces,  and  the  possibility 
of  reducing  the  intensity  of  the  impact 
forces  by  changes  in  the  spring,  wheel, 
and  tire  equipment  of  vehicles,  and  by 
refinements  in  the  surface  finish  of 
roads. 

Of  fundamental  importance,  also, 
are  the  studies  of  soils  with  respect  to 
their  abilitj'  to  support  the  loads  of 
vehicles  transmitted  to  them  bj"  pave- 
ments and  road  surfaces  of  various 
types;  and  the  highway  transport 
surveys  conducted  in  a  number  of 
States  and  completed  in  several  during 
the  past  year.  These  surveys,  by 
developing  exact  information  with 
regard  to  the  volume  of  traffic  using  all 
sections  of  the  highway  system  of  a 
State  provide  a  basis  for  a  scientific 
administration  of  highway  con- 
struction impossible  without  such 
knowledge. 

Extending  the  methods  of  scientific 
study  to  the  analysis  of  road-building 
operations,  the  bureau  has  been  able  to 
develop  certain  definite  principles  con- 
cerning the  adjustment  of  labor  and 
equipment  and  the  utilization  of  both 
in  the  performance  of  various  processes 
which,  when  applied  by  its  own  engi- 
neers and  b}^  contractors,  have  effected 
material  reductions  in  cost,  amounting 
in  some  cases  to  50  per  cent  or  more. 

The  results  of  these  and  similar 
investigations,  disseminated  in  publi- 
cations of  the  department  and  by 
addresses  before  bodies  of  engineers 
and  contractors,  are  eagerly  sought  by 
road  builders  in  the  United  States  and 
throughout  the  world  and,  widely 
applied,  have  a  multiplied  effect  of 
tremendous  value. 

The  training  of  selected  engineering 
students  employed  during  the  summer 
before  graduation  as  assistants  in  the 
research  work  of  the  bureau,  and  sub- 
sequently on  a  full-time  basis  as  appren- 
tice engineers,  is  another  means  that 
has  been  adopted  for  the  dissemination 
of  the  more  exact  knowledge  resulting 
from  research.  Initiated  for  the  pur- 
pose of  supplying  trained  assistants  to 
be  employed  in  the  construction  work 
of  the  bureau,  it  is  now  found  that  the 
training  may  be  offered  to  a  larger 
number  than  has  hitherto  been  possible, 
and  this  is  being  done  in  the  belief  that 
the  body  of  speciallj'  trained  young 
engineers  will  find  employment  in  the 
service  of  the  State  liighway  depart- 
ments as  well  as  the  bureau. 


PROGRESS  IN  FEDERAL-AID  ROAD 
CONSTRUCTION 

The  Federal -aid  road  projects  com- 
pleted during  the  fiscal  year  increased 
the  mileage  of  improved  roads  in  the 
Federal-aid  highway  system  bj'  8,306.9 
miles,  bringing  the  total  length  of  roads 
improved  with  Federal  assistance  up  to 
64,209.7  miles. 

At  the  close  of  the  year  construction 
was  in  progress  on  10,103  miles,  and 
projects  involving  the  improvement  of 
2,395.6  miles  additional  had  been  ap- 
proved. Including  the  mileage  of 
projects  in  these  latter  stages,  all  of 
which  is  included  in  the  Federal-aid 
system,  the  total  improved  or  in  proc- 
ess of  improvement  with  Federal  aid  at 
the  close  of  the  year  was  76,708.3  miles. 
With  the  exception  of  a  few  hundred 
miles  improved  prior  to  the  designation 
of  the  Federal-aid  highway  system  in 
1921.  all  of  this  mileage  is  included  in 
the  system. 

The  Federal-aid  highway  system  now 
includes  185,772.2  miles  of  road  selected 
by  the  constituted  State  and  Federal 
highway  officials  as  of  primary  impor- 
tance for  the  accommodation  of  inter- 
state highway  traffic.  Compared  with 
the  3,000,000  miles  of  other  highways 
in  the  United  States,  they  are  the  most 
important  of  the  Nation's  highways, 
and  their  improvement  as  expedi- 
tiously as  possible  is  an  economic 
necessitj'  of  the  highest  importance. 

Approximately  a  third  of  the  system 
has  already  been  improved  with  Fed- 
eral assistance,  and,  with  the  exception 
of  7,469  miles,  the  64,209.7  miles  now 
reported  as  completed  have  been  built 
in  the  six  years  since  1921.  To  this 
mileage  the  roads  at  present  under  con- 
struction and  definitely  planned  will 
add  nearly  12,500  miles. 

With  minor  exceptions,  the  roads  in- 
cluded in  the  Federal  highway  system 
are  also  parts  of  the  several  State  high- 
way systems,  and  are  therefore  eligible 
for  improvement  by  the  States  alone 
under  State  legislation  providing  for 
such  work. 

For  several  years  the  unaided  efforts 
of  the  States  have  resulted  in  the  im- 
provement of  a  greater  mileage  than 
has  been  built  with  Federal  aid,  and  the 
major  portion  of  this  unaided  State 
work  has  been  applied  to  the  improve- 
ment of  the  roads  of  the  Federal-aid  sys- 
tem. In  the  fiscal  year  1926  the  high- 
ways thus  independently  improved  by 
the  States  aggregated  approximately 
12,500  miles;  those  improved  with  Fed- 
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eral  aid  totaled  10,610  miles.  As  ap- 
pears from  Table  1,  the  independent 
State  work  tends  to  increase,  and  for 
each  mile  improved  with  Federal  co- 
operation there  are  now  nearly  2  miles 
that  are  built  by  the  States  alone. 

Table  1. — Federal  -  aid  mileage  com- 
pleted during  the  fiscal  year  1927 ,  in- 
cluding original  and  stage  construc- 
tion, compared  with  the  total  mileage 
completed  in  1926  by  State  highway 
departments. 


Federal- 

aid  mileage 

Mileage 
completed 
by  State 
highway 
depart- 
ments, 1926 

Group  of 

States 

(original 
and  stage 
constru,c- 
tion)  com- 
pleted, fis- 
cal year 

Ratio  of 
Federal- 
aid  to 
State 
program 

1927 

Per  cent 

New  England- 

211.3 

813.1 

26.0 

Middle  Atlan- 

tic  

489.5 
1, 115.  7 

1, 680. 0 
3, 382.  6 

29.1 

South  Atlantic- 

32.9 

East  North 

Central 

714.4 

4, 644.  7 

15.4 

West  North 

Central 

3, 905.  6 

8. 290.  4 

47.0 

East  South 

Central 

■  585.1 

1, 987.  7 

29.4 

West  South 

Central 

1, 148.  9 

2. 874.  0 

40.0 

Mountain 

1, 146. 4 

2, 113. 1 

54.3 

Pacific -.- 

360.1 

766.7 

47.0 

Total.... 

9,  677.  0 

26,  552.  3 

36.4 

The  number  of  motor  vehicles  in  use 
continues  to  increase  annually  at  an 
approximately  constant  rate.  The  reg- 
istration of  1926  was  more  than  twice 
that  of  1921,  the  year  in  which  the 
Federal-aid  system  was  designated,  and 
the  traffic  served  by  the  roads  has,  of 
course,  increased  proportionately.  It 
is  necessary,  therefore,  not  only  to  ex- 
tend the  improved  mileage  but  also 
gradually  to  raise  the  type  of  improve- 
ment on  the  roads  already  constructed 
as  the  demands  of  the  traffic  increase. 

Of  the  Federal-aid  roads  already  con- 
structed amounting  to  64,041.9  miles, 
as  previously  stated,  10,798.9  miles, 
largely  in  the  Southern  and  Western 
States,  are  unsurfaced,  the  improve- 
ment consisting  merely  of  the  proper 
grading  and  draining  of  the  roadbed. 
An  additional  large  mileage  is  surfaced 
with  inexpensive  sand-clay  and  gravel. 
The  improvement  of  these  roads  has 
been  planned  to  meet  the  current  re- 
quirements of  the  traffic  and  those  of 
the  immediate  future.  They  are  being 
faithfully  maintained  by  the  States 
under  the  constantly  increasing  usage, 
but  ther«  comes  a  time  when  mainte- 


nance of  the  lower  form  of  improvement 
becomes  more  expensive  than  the  con- 
struction of  a  higher  form,  and  in  rec- 
ognition of  this  fact  the  Government, 
within  the  limits  established  by  law,  is 
cooperating  with  the  States  each  year 
in  the  further  improvement  of  roads 
previously  built  with  Federal  assistance. 
During  the  fiscal  year  just  ended  the 
roads  thus  further  improved  have 
reached  a  total  of  1,376.6  miles.  This 
work,  involving  the  construction  of 
gravel  surfaces  on  989.6  miles  and  of 
281.4  miles  of  concrete  paving,  with 
lesser  mileages  of  other  types,  is  not 
represented  in  the  8,306.9  miles  reported 
as  improved  during  the  year,  all  of 
which  were  originally  improved,  nor 
does  it  add  to  the  total  of  64,041.9  miles 
improved  up  to  the  close  of  the  year. 
From  the  standpoint  of  the  year's  work, 
however,  and  as  improving  the  stand- 
ard of  service  offered  to  traffic,  it  does 
constitute  an  important  accomplish- 
ment. Adding  this  mileage  to  the 
mileage  initially  improved  during  the 
year,  the  total  of  all  roads  built  is 
increased  to  9,677  miles. 

TYPES  OF  FEDERAL-AID  ROADS 

The  8,306.9  miles  initially  improved 
during  the  year  include  2,537.1  miles  of 
roads  graded  and  drained,  612.1  miles 
surfaced  with  sand-clay,  2,309.5  miles 
surfaced  with  gravel,  137.1  miles  of 
water-bound  macadam,  462.7  miles  of 
bituminous  macadam,  159.9  miles 
paved  with  bituminous  concrete,  2,002.7 
miles  with  concrete,  and  39.8  miles 
paved  with  vitrified  brick.  The  re- 
maining 45.9  miles  were  made  up  of 
bridges,  all  more  than  20  feet  in  Jength. 

As  in  previous  years,  the  earth,  sand- 
clay,  and  gravel  constructed  were 
mainly  in  the  Southern  and  Western 
States.  Of  the  5,458.7  miles  of  these 
three  types  only  157.7  miles  were  in  the 
States  north  of  the  Potomac  and  Ohio 
and  east  of  the  Mississippi.  The  small 
mileage  of  water-bound  macadam  was 
mainly  in  the  four  States  of  Georgia, 
Indiana,  Ohio,  and  Texas,  and  the  sev- 
eral higher  types  of  construction,  in- 
cluding bituminous  macadam  and  bet- 
ter were  built  in  all  sections,  constitut- 
ing the  highest  percentages  of  the  total, 
however,  in  the  Northern  and  Eastern 
States  where  traffic  is  heaviest.  u  "j 

As  shown  by  Table  2,  there  is  an 
appropriate  relation  between  the  types 
of  surfacing  in  the  several  geographic 
sections  and  what  may  be  termed  the 
potential  motor-vehicle  traffic  as  rep- 
presented  by  the  ratio  of  motor-vehicle 
registration  to  the  mileage  of  the 
Federal-aid    system    in    each    section. 
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In  this  table  the  geographic  divisions 
are  arranged  in  the  descending  order  of 
the  ratio  of  their  motor-vehicle  regis- 
tration to  the  mileage  of  the  system, 
and  it  will  be  observed  that,  with  the 
exception  of  the  Pacific  group,  the 
several  divisions  would  be  rated  in 
substantially  the  same  order  on  the 
basis  of  their  percentage  of  mileage 
suitable  for  medium  and  heavy  motor- 
vehicle  traffic.  In  the  Pacific  States 
the  rather  high  percentage  of  the  lower 
types  is  due  to  the  construction  of  very 
considerable  mileages  of  fine  crushed 
rock  and  gravel  roads,  a  type  not 
extensively  built  in  other  parts  of  the 
country  but  peculiarh^  adapted  to  the 
necessities  of  the  far  Western  States  in 
which  the  problem  of  improving  a  very 
large  mileage  in  a  reasonable  time  can 
be  dealt  with  in  no  other  way.  Much 
of  the  mileage  thus  constructed  will  be 
conserved  until  funds  are  available  for 
further  improvement  by  oil  treat- 
ment— a  process  which  experience  has 
shown  is  capable  of  producing  very 
satisfactory  results. 

Table  2. — Relation  of  potential  motor- 
vehicle  traffic  and  types  of  Federal-aid 
roads  completed  to  June  SO,  1927 


Number 
of  motor 
vehicles 

per 
mile  of 
Federal- 
aid 
system  i 

Percentage  of  mile- 
age of  roads  com- 
pleted 

Group  of  States 

Bitumi-      Water- 
nous         bound 
macadam  macadam 
and            and 
higher        lower 
types         types 

Middle  Xtlantic... 

New  England 

Pacific 

East  North  Central- 
South  Atlantic 

West  South  Cen- 
tra;  

East  South  Central. 
West  North  Cen- 
tral  

Mountain 

363 
233 
209 
193 
96 

81 
69 

66 
34 

96.4 
71.0 
35.7 
71.3 
39.8 

23.8 
27.6 

"   15.4 
9.3 

3.6 
29.0 
64.3 

28.7 
60.2 

76.2 
72.4 

84.6 
90.7 

All  States 

118 

32.7 

67.3 

1  As  registered  in  the  several  States  during  the 
calendar  year  1926. 

The  wide  range  in  traffic  density  in 
various  parts  of  the  country  is  indi- 
cated by  the  spread  between  the  363 
vehicles  per  mile  of  Federal-aid  system 
in  the  Middle  Atlantic  States  and  the 


corresponding  ratio  of  34  in  the  Moun- 
tain States.  East  of  the  Mississippi 
and  north  of  the  Ohio  and  the  Potomac 
the  average  number  of  motor  veliicles 
per  mile  of  the  system  exceeds  200;  in 
the  rest  of  the  country  it  is  less  than 
100.  This  is  a  measure  of  the  relative 
traffic  requirements  of  the  two  broad 
regions,  and  it  will  be  observed  that  the 
percentages  of  high  and  low  types  of 
improvement  are  in  accord  with  these 
requirements. 

LOW-TYPE  HIGHWAYS  FURTHER 
IMPROVED 

The  further  improvement  of  the 
1,376.6  miles  of  previously  constructed 
low-type  Federal-aid  highways  is  in 
accordance  with  the  agreements  entered 
into  by  the  States  and  the  Government 
at  the  time  these  highways  were  origi- 
nally improved.  The  original  improve- 
ment was  regarded  as  merely  the  first 
stage  of  a  progressive  improvement  to 
be  carried  out  as  traffic  requirements 
dictated  and  funds  became  available. 

Nearly  three-quarters  of  the  mileage 
on  which  this  further  work  was  com- 
pleted during  the  year  was  formerly 
improved  as  graded  and  drained  earth 
road  and  has  now  been  surfaced  with 
gravel.  Most  of  the  rest  of  the 
1,376.6  miles  consists  of  roads  on  which 
a  former  gravel  surface  has  been  re- 
placed by  a  higher  type  of  surfacing 
or  pavement. 

This  secondary  construction  com- 
pleted during  the  year  consisted  in  de- 
tail of  21  miles  of  roads  graded  and 
drained,  989.6  miles  to  which  a  gravel 
surface  was  applied,  20.3  miles  sur- 
faced with  water-bound  macadam, 
25.6  miles  on  which  a  bituminous 
macadam  surface  was  substituted  for 
one  of  lower  type,  and  the  construc- 
tion of  38.7  miles  of  bituminous  con- 
crete and  281.4  miles  of  Portland- 
cement  concrete  pavements,  making  a 
total  of  1,376.6  miles,  which  is  sub- 
divided by  States  in  Table  16. 

The  effect  of  this  secondary  con- 
struction is  to  raise  the  general  level  of 
improvement  of  the  Federal-aid  sys- 
tem very  materially.  As  shown  by 
Table  3,  the  mileage  of  graded  and 
drained  earth  road  at  the  close  of  the 
preceding  year  was  9,653.7  miles. 
This  was  increased  by  only  1,145.2 
miles  during  the  last  year,  although 
the  mileage  of  such  roads  newly  built 
during  the  year  was  2,537.1  miles. 
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Table  3. — Mileage  of  Federal-aid  high- 
loays  at  the  close  of  the  fiscal  years 
1926  and  1927  and  percentage  of 
increase 


Per- 

cent- 

Mileage 

Mileage 

age  in- 

Type 

at  close 

at  close 

crease 

of  fiscal 

of  fiscal 

during 

year  1926 

year  1927 

fiscal 
year 
1927 

Graded  and  drained.. 

9, 653. 7 

10,798.9 

12.8 

4, 926.  2 

5,721.7 

16.0 

Gravel            

22, 547.  3 

25, 547.  5 

13.3 

Water-bound  mac- 

adam  

1, 123.  3 

1,309.9 

16.7 

Bituminous    m  a  c  - 

adam         .    

3, 176: 3 

3, 680. 0 

16.0 

Bituminous  concrete. 

1,626.1 

1,  818.  9 

11.8 

Portland-cement  con- 

crete                   -  . 

11, 976.  6 

14, 391.  2 

20.2 

Brick                     

752.0 

773.8 

3.0 

Total 

55,781.5 

64, 041.  9 

14.8 

Similarly,  although  the  mileage  of 
the  three  lowest  types  of  construc- 
tion— earth,  sand-clay,  and  gravel — 
newly  constructed  during  the  year  was 
5,458.7  miles,  or  66  per  cent  of  the  total 
mileage  of  roads  built,  the  mileage  of 
these  types  in  the  portion  of  the  sys- 
tem improved  with  Federal  aid  in- 
creased by  onh'  4,940.9  miles,  or  less 
than  60  per  cent  of  the  net  increase  in 
improved  mileage. 

The  types  of  road  least  suitable  for 
motor-vehicle  traffic  are  the  graded 
and  drained  earth  roads  and  those  sur- 
faced with  sand-clay  and  water-bound 
macadam;  those  best  adapted  to  such 
traffic  are  the  bituminous  concrete, 
Portland-cement  concrete,  and  brick 
pavements.  In  view  of  the  continu- 
ing increase  in  motor-vehicle  registra- 
tion and  the  corresponding  increase  in 
motor  traffic  throughout  the  country, 
it  is  interesting  to  observe  from  Table 
3  that  the  increase  in  the  mileage  of 
the  three  lower  types  during  the  year 
was  onlj'  25.8  per  cent  of  the  total  in- 
crease in  mileage,  although  these  same 
types  constitute  39.8  per  cent  of  the 
.  newly  completed  mileage. 

The  net  increase  of  the  types  most 
suitable  for  motor-vehicle  traffic  was 
31.9  per  cent,  although  the  newly  con- 
structed mileage  of  these  types  was 
only  26.7  per  cent  of  the  total  new- 
mileage.  The  gravel  type,  which  is 
the  cheapest  type  capable  of  resisting 
moderate  motor-vehicle  traffic  and  the 
usual  choice  for  the  secondary  im- 
provement of  earth  roads,  increased 
36.4  per  cent  in  net  mileage,  although 
in  the  new  construction  it  constituted 


only  28  per  cent.  These  differences 
between  the  new  construction  and  net 
increases  of  the  several  types  reflect 
the  beneficial  results  of  stage  con- 
struction. 

The  mileage  of  roads  under  construc- 
tion and  approved  for  construction  at 
the  end  of  the  year  is  approximately  the 
same  as  at  the  close  of  the  preceding 
year,  indicating  that  progress  during 
the  fiscal  year  1928  will  be  practically 
the  same  as  during  the  year  just 
passed. 

BRIDGE  BUILDING  INCREASES 

The  bridges  completed  during  the 
fiscal  year  have  an  aggregate  length  of 
45.9  miles,  which  is  more  than  twice 
the  mileage  completed  during  the  pre- 
ceding year.  Bridges  under  construc- 
tion and  approved  for  construction 
have  an  aggregate  length  of  64.5  miles, 
exceeding  by  5.4  miles  the  total  length 
of  structures  in  the  corresponding  stages 
of  progress  at  the  beginning  of  the 
year. 

Including  the  structures  just  com- 
pleted, the  Federal-aid  bridges  now 
standing  have  a  total  length  of  167.6 
miles,  over  a  fourth  of  which  was 
added  during  the  last  year. 

All  of  these  structures  are  more  than 
20  feet  in  span,  and  one,  completed 
during  the  year,  is  more  than  two  miles 
in  length.  This  is  the  bridge  over  the 
Choctawhatchee  River  in  Florida  on 
the  road  between  Westville  and  Carey- 
ville.  Two  others  completed  during 
the  year  are  more  than  a  mile  in  length. 
One"^  of  these,  the  bridge  over  the  east 
fork  of  the  White  River  on  the  road 
between  Bedford  and  Mitchell  in 
Indiana,  is  1.4  miles  long;  the  other, 
spanning  the  Platte  River  in  Nebraska, 
is  1.1  miles  in  length. 

Other  outstanding  bridges  recently 
opened  to  traffic  are  the  bridge  over  the 
Alabama  River  near  Montgomery,  Ala.; 
the  American  River  bridge  at  Sacra- 
mento, Calif.;  the  structure  spanning 
Pass  Manchac  on  the  road  between 
New  Orleans  and  Hammond,  La.;  and 
the  Willamette  River  bridge  at  Harris- 
burg,  Oreg. 

A  list  of  the  bridges  completed  during 
the  vear  which  cost  $75,000  or  more  is 
given  in  Table  4.  These,  the  longest 
structures  completed,  vary  in  length 
from  a  tenth  of  a  mile  to  more  than  2 
miles  and  have  an  aggregate  length  of 
9.7  miles,  which  is  only  about  a  fifth 
of  the  total  length  of  the  structures 
completed  during  the  year.  The  re- 
mainder is  made  up  of  numerous  smaller 
and  less  expensive  bridges. 
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Table  4. — Federal-aid  bridges  completed  during  the  fiscal  year  1927  at  a  cost  of 

$75,000  or  more  each 


State 

Location 

Stream 

Length 

Alabama 

Between  Montgomery  and  Prattville 

Alabama  River 

San  Gabriel  River 

Miles 
0.4 

California 

Between  Montebello  and  Whittier 

.  1 

Do     .  . 

Between  Red  Bluff  and  Oregon  State  Line 

At  Sacramento. 

Donev  Creek                 1             1 

Do 

American  River    ..                 .6 

Colorado 

At  Alamosa. 

Rio  Grande  del  Norte               2 

Florida 

Between  Westville  and  Carevville.   

Choctawhatchee            2. 2 

Georgia 

Between  Savannah  and  Darien 

River.                         1 
Ogeechee  River .3 

Idaho___ 

At  Salmon 

Salmon  River .2 

Indiana 

Between  Bedford  and  Mitchell 

White     River.     East            1.4 

Louisiana 

Minnesota-North 

kota. 
Missouri 


Da- 


Montana 

Nebraska 

North  Carolina... 

Oklahoma , 

Oklahoma- Texas. 
Oregon , 

Do 

Texas 

Do 

Washington 


Total. 


Between  Hammond  and  New  Orleans 

Between  Pembina,  N.  Dak.,  and  St.  Vincent 

Minn. 
Between  St.  Joseph  and  Bayfield- 


At  Glendive 

Between  Yutan  and  Millard | 

Between  Charlotte  and  Wilmington i 

Between  Harrah  and  Meeker 

Between  Hugo,  Okla.,  and  Arthur  City,  Tex.. 

A  t  Albany [ 

At  Harrisburg 

At  La  Grange. 

Between  Hearne  and  Gause. 

Between  Skokomish  Indian  Reservation  and  I 
Bremerton.  I 


Fork. 

Pass  Manchsc 

Red    River    of    the 

North. 
Platte  River  drainage 

ditch. 

Yellowstone  River 

Platte  River 

Pee  Dee  River 

North  Canadian  River 

Red  River 

Willamette  River 

do ! 

Colorado  River 

Brazos  River 

Skokomish  River 


.3 
LI 
.3 
.2 
.2 
.2 
.4 
.3 


9.7 


It  is  to  be  hoped  that  the  increase  in 
Federal-aid  bridge  construction  evident 
in  the  mileage  recently  completed  and 
under  construction  will  continue,  and 
that  to  a  greater  degree  the  States  will 
resort  to  this  means  of  reducing  the 
local  expense  of  large  bridge  structures 
rather  than  the  distinctly  objectionable 
means  of  permitting  such  important 
structures  to  be  privately  financed. 

The  bridges  are  essential  parts  of  the 
Federal-aid  system.  Congress  has  given 
abundant  evidence  of  its  intention  that 
this  interstate  system  shall,  so  far  as 
possible,  be  free  for  the  use  of  the  citi- 
zens of  all  States,  by  forbidding  the 
collection  of  tolls  on  all  roads  in  the  con- 
struction of  which  the  Government 
participates  and  by  prohibiting  the  use 
of  Federal  funds  for  the  improvement 
of  roads  which  constitute  the  immediate 
approach  to  toll  bridges. 

The  act  passed  at  the  last  session 
which  permits  the  financing  of  the 
State's  portion  of  the  cost  of  Federal-aid 
bridges  by  means  of  tolls  collected  by 
the  State  or  its  subdivisions  removes 
the  last  reasonable  excuse  for  per- 
mitting expensive  bridges  to  be  built 
by  private  initiative. 

The  large  earnings  of  toll  bridges  on 
important  highways  are  made  possible 
by  the  public  improvement  of  the  high- 
ways. The  very  great  attractiveness 
of  such  bridges  to  private  investors  is 
proof  of  the  high  return  upon  the  capital 


invested.  It  is  common  knowledge 
that  the  entire  cost  of  many  expensive 
and  important  structures  operated 
privately  has  been  repaid  by  the  toUs 
charged  in  a  very  few  years,  leaving 
the  subsequent  earnings,  less  a  small 
amount  for  maintenance,  as  clear 
profit. 

There  seems  to  be  no  good  reason 
why  the  States  should  not  avail  them- 
selves of  the  recent  Federal  concession, 
permitting,  as  it  does,  the  payment  of 
a  full  50  per  cent  of  the  cost  of  the 
bridges  from  Federal  funds  and  the 
financing  of  the  remainder  on  the  ba.sis 
of  tolls  publicly  collected.  Certainly 
it  would  seem  that  the  new  provision  of 
law  removes  the  principal  condition 
which  hitherto  has  given  some  measure 
of  justification  to  private  toll-bridge 
franchises,  i.  e.,  the  impracticability  of 
devoting  the  large  sum  of  State  money 
required  for  the  construction  of  a  large 
bridge  to  an  improvement  of  such  lim- 
ited extent,  for  it  is  iiow  possible  for  the 
State  to  finance  its  portion  of  the  cost 
without  using  any  part  of  the  regular 
highway  revenue. 

THE  COST  OF  THE  ROADS 

The  total  cost  of  the  8,306.9  miles  of 
original  construction  and  the  1,376.6 
miles  of  stage  construction  completed 
during  the  year  was  .'8182,770,089.53,  of 
which    the    Federal    Government   paid 
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$81,330,357.82,  or  44.5  per  cent,  and 
the  States  the  balance.  These  expend- 
itures were  made  over  the  period  re- 
quired to  construct  the  roads  brought 
to  completion  during  the  year,  which 
was  approximately  two  years,  and  dur- 
ing the  same  period  additional  expendi- 
tures were  made  upon  other  projects 
under  construction. 

The  actual  disbursement  of  Federal- 
aid  funds  during  the  year  was  .$81,371,- 
013.03,  as  shown  in  Table  5.  This  is  a 
reduction  of  about  $6,000,000  below 
the  disbursement  of  the  preceding  3'ear, 
which,  in  turn,  was  $8,000,000,  less  than 
the  disbursement  of  the  year  before. 
As  stated  in  the  report  a  year  ago,  it  may 
be  expected  that  the  annual  expendi- 
ture will  be  still  further  reduqed  in  the 
future  until — the  accumulated  balances 
of  earlier  appropriations  being  ex- 
pended— the  program  of  expenditure 
reaches  the  rate  set  by  the  annual 
authorization  of  $75,000,000  of  recent 
years. 


rate,  is  not  extravagant,  but  is,  in  fact, 
extremelj-  moderate  in  view  of  the 
large  and  growing  interstate  traffic. 

The  largest  disbursements  during 
the  year  were  made  to  Missouri,  New 
York,  and  Texas.  To  each  of  these 
States  the  Federal  Government  paid 
during  the  year  more  than  $4,000,000. 
Pennsylvania  received  more  than 
$3,000,000  and  all  other  States  re- 
ceived less  than  that  amount. 

In  proportion  to  the  total  road  mile- 
age of  the  several  geographic  divisions, 
the  Federal-aid  disbursement  in  1927 
was  greatest  in  the  Middle  Atlantic 
States  and  least  in  the  West  South 
Central  States.  On  this  basis  the 
first  of  these  two  groups  received  more 
than  twice  as  much  as  the  second,  and 
between  these  two  extremes  the  other 
areas,  ranked  in  descending  order, 
were  as  follows:  New  England,  South 
Atlantic,  Pacific,  East  North  Central, 
East  South  Central,  West  North  Cen- 
tral, and  Mountain. 


Table  5.- — Federal-aid  disbursements  to  States,  fiscal  year  1927 


States 


Alabama... 

Arizona 

Arkansas... 

California 

Colorado.. 

Connecticut 

Delaware 

Florida 

Georgia.. 

Idaho. 

Dlinois 

Indiana... 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts.. 

Michigan 

Minnesota... 

Mississippi. 

Missouri j      4, 

Montana 

Nebraska [      2, 

Nevada 1 i      l, 


Federal-aid 
disbursement 


$1, 


206,  220.  03 
721, 244.  42 
986, 717.  98 
978, 864.  97 
289, 506.  73 
613, 841.  51 
450, 337. 15 
434,  043. 79 
535,  285. 99 
235,  844. 70 
427,  392.  92 
055, 735.  74 
845, 968.  50 
730. 002.  55 
420, 029.  31 
124,  562.  53 
878, 953.  95 
650, 106. 91 
799, 464.  35 
692, 098.  35 
590, 339.  01 
589, 120.  64 
099, 338.  56 
894, 779.  83 
370, 258.  28 
083,  652.  86 


States 


New  Hampshire. 

New  Jersey 

New  Mexico 

New  York 

North  Carolina.. 
North  Dakota... 
Ohio 


Federal-aid 
disbursement 


Oklahoma. 

Oregon 

Pennsylvania... 
Rhode  Island... 
South  Carolina. 
South  Dakota-- 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

West  Virginia... 

Wisconsin 

Wyoming 

Hawaii 


Total. 


424,  768. 85 
732,  592.  69 
110, 390.  27 
367, 134.  87 
441, 688.  30 
530, 2G1.  21 
580,  502.  50 
339, 252.  44 
301, 855. 33 
180, 313.  25 
466, 586.  24 
187, 023. 41 
074, 687.  39 
793, 804.  55 
710,  228.  42 
830, 082.  69 
625, 423.  73 
868, 896.  29 
146,  672.  36 
648,  202.  63 
357, 068.  54 
696, 804.  42 
253, 061. 09 


81,  371, 013.  03 


The  annual  highway  bill  of  the 
country  is  in  excess  of  a  billion  dollars, 
including  all  expenditures  of  the 
Federal,  State,  and  count}'  and  other 
local  governments,  for  construction, 
maintenance,  and  administration.  Of 
this  amount  the  Federal  expenditure  is 
less  than  8  per  cent,  and  the  States 
alone  spent,  of  their  own  funds,  more 
than  six  times  the  amount  they  re- 
ceived from  the  Federal  Government. 
It  is  apparent,  therefore,  that  the 
Federal    expenditure,    at    the    current 


That  the  offer  of  Federal  aid  has  not 
induced  the  States  to  make  expendi- 
tures in  excess  of  those  thej^  would 
otherwise  have  made  is  indicated  by 
the  fact,  as  shown  by  Table  6,  that  in 
1926  every  State,'  with  two  exceptions 
only,  made  expenditures,  some  very 
large,  in  addition  to  those  for  the 
Federal-aid  roads,  the  total  of  such 
additional  expenditures  being  $452,- 
798,000,  or  more  than  four  times  the 
amount  spent  to  match  Federal  aid. 
These    are    State    expenditures    only. 
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They  do  not  include  the  amounts 
spent  by  the  counties  independent  of 
State  control,  which,  doubtless,  were 
practically  equal  to  those  of  the  States. 

Table  6. — Approximate  disbursements 
by  State  highway  departments  in  excess 
of  expenditures  for  Federal-aid  roads, 
calendar  year  1926 


State 


Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut. 

Delaware 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa. 


State  dis- 
bursements 
for  other 
than  Fed- 
eral-aid 
roads 


Kansas .  -  - 
Kentucky 
Louisiana. 

Maine 

Maryland 

Massachusetts... 1    11 

Michigan.. 1    20, 

Minnesota j    11 

Mississippi.. ]      2 

Missouri i    21 

Montana ' 

Nebraska !      2 

Nevada 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina. 
North  Dakota.. 
Ohio 


Oklahoma 

Oregon... 

Pennsylvania !    42, 

Rhode  Island 

South  Carolina 

South  Dakota 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

West  Virginia 1    16 

Wisconsin !      7 

Wyoming 1 


479, 000 
893, 000 
080,  000 
544,  000 
472, 000 
729, 000 
909, 000 
642,000 
158,  000 
643, 000 
112, 000 
004,  000 
660, 000 
468.000 
264. 000 
669.000 
222,000 
631, 000 
706, 000 
334, 000 
521,  000 
079,000 
957, 000 


647.  000 
623,  000 
535, 000 
325. 000 
012,  000 
486, 000 
395, 000 


562,  000 
434, 000 
974,  000 
345,  000 
385.  000 
846,000 
932, 000 
316, 000 
365, 000 
188,000 
145,  000 
226,  000 
334, 000 
458, 000 
258, 000 
731,  000 


Total 452,798,000 


The  two  States  that  made  no  expen- 
ditures for  highway  purposes  other  than 
for  Federal-aid  roads  were  Montana 
and  North  Dakota.  In  these  States 
practically  all  road  improvement,  ex- 
cept that  included  in  the  Federal-aid 
program,  is  carried  on  under  the  control 
of  the  counties. 

In  growing  proportion  the  funds 
with  which  the  States  carry  on  all 
work  of  road  improvement  are  supplied 


by  the  users  of  motor  vehicles.  In 
1926  the  sum  thus  raised  by  motor- 
vehicle  license  fees  and  gasoline  taxes 
was  $474,304,078,  exceeding  by  nearly 
$70,000,000  the  total  of  the  preceding 
year. 

The  State  funds  required  to  match  a 
Federal  appropriation  of  $75,000,000  a 
year  in  the  proportions  required  by  the 
Federal  law  amount  to  $67,090,520, 
which,  as  shown  by  Table  7,  is  raised 
seven  times  over  by  the  motor-vehicle 
taxes.  In  fact,  the  motorists  now 
contribute  almost  enough  to  finance 
the  entire  program  of  the  States,  in- 
cluding the  State  portion  of  the  cost  of 
the  Federal-aid  roads,  and,  as  the 
registration  of  motor  vehicles  is  stiU 
growing,  it  may  be  anticipated  that  the 
State  and  Federal-aid  roads  will  be  paid 
for  in  the  future  .to  an  increasing  degree 
by  those  who  regularly  use  them. 

Table  7. — Comparison  of  State  motor- 
vehicle  revenues  and  funds  required  to 
match  Federal  appropriations 


State  funds 
required  to 
match 
Federal 
appropria- 
tion of 
$75,000,000 
apportion- 
ed Dec.  31, 
1926 


Alabama $1,547,220  $5,447,903 

.-Arizona' 404,153  1,446,059 

Arkansas 1,277,896  7,241,672 

California! 1,652,178  24,979,356 

Colorado! 1,078,045  3,599,128 

Connecticut 472,685  8,910,040 

Delaware... 365,625  1,165,991 

Florida 899,451  18,195,954 

Georgia.. 1,979,209  9,034,865 

Idaho  1 629,984  2,508,147 

Illinois  2 3,154,429  14,047,208 

Indiana 1,926,772  14,064,917 

Iowa... 2,044,999  15,050,843 

Kansas.. 2,068,532  9,106,518 

Kentucky.. 1,417,947  9,066,823 

Louisiana.. 1,013,308  6,702,033 

Maine... 680,794  4,178,711 

Maryland 635,119  5,222,122 

Massachusetts  2 l-,089, 100  13,077,857 

Michigan.. 2,214,691  27,035,461 

Minnesota 2,120,741  14,781,248 

Mississippi 1,307,879  6,061,612 

Missouri... 2,405,176  13,564,170 

Montana! 1,196,462  1,900,095 

Nebraska 1,585,138  6,676,024. 

Nevada!.. 132,783  615,738 

New  Hampshire 365, 625  2, 479, 487 

New  Jersey  2 1  934,611  11,870,529 

New  Mexico  1 684,218  1,276,594 

New  York  2 .'  3,635,217  28,786,421 

North  Carolina I  1,713,356  17,186,473 

North  Dakota I  1, 194, 951  2,  566,  574 

Ohio- I  2,762,209  23,076,139 

Oklahoma! '  1,406,377  11,727,454 

Oregon!.... j  716,918  9,351,588 

Pennsylvania. I  3,335,735  35,827,131 

!  States  not  on  50-50  basis  on  account  of  public 
lands  and  nontaxable  Indian  lands. 
2  No  gasoline  tax  assessed. 


Gross  in- 
come from 
motor- 
vehicle 
license  fees 
and  gaso- 
line taxes, 
calendar 
year  1926 
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Table  7. — Comparison  of  State  motor- 
vehicle  revenues  and  funds  required  to 
match  Federal   appropriations — Con. 


States 


State  funds 
required  to 
match 
Federal 
appropria- 
tion of 
$75,000,000 
apportion- 
ed Dec.  31, 
1926 


Rhode  Island $365, 625 

South  Carolina 1,054,988 

South  Dakota  1... .i  973,507 

Tennessee '  1,614,766 

Texas I  4,497,272 


Utah  I. 

Vermont 

Virginia 

Washington  L. 
West  Virginia. 

Wisconsin 

Wyoming  i 

Hawaii" 


Total 67,090,520 


226, 486 
365, 625 

1,442,714 
949, 255 
793, 636 

1, 870, 455 
521, 034 
365, 625 


Gross  in- 
come from 
motor- 
vehicle 
license  fees 
and  gaso- 
line taxes, 
calendar 
year  1926 


$2, 474, 794 
6, 448,  527 
4,  353, 938 
7, 443, 820 

19,  589,  769 
1, 892, 057 
2, 249, 675 

10,  480, 145 
9,  538, 096 
6,  651, 610 

11, 284, 295 
1, 068, 467 


474,  304, 078 


>  States  not  on  50-50  basis  on  account  of  public 
lands  and  nontaxable  Indian  lands, 
s  No  tax  data  available. 

As  shown  by  Table  7,  every  State  has 
sufficient  revenue  from  the  taxation  of 
motor  vehicles  to  match  the  Federal 
contribution — most  of  them  much  more 
than  enough.  The  Federal-aid  roads, 
in  general,  are  the  most  important  roads 
in  all  States,  i.  e,  they  are  used  more 
extensively  by  motor-vehicle  operators 
than  other  roads.  Their  improvement, 
by  reducing  the  cost  of  vehicular 
operation  and  maintenance,  benefits  the 
users  far  beyond  the  amount  of  the 
taxes  paid,  and  this  fact  is  so  clearly 
recognized  by  the  motorists  themselves 
that  these  particular  taxes  are  paid 
more  wiUingly,  perhaps,  than  any 
others.  It  may  be  concluded,  there- 
fore, with  positive  assurance,  that  the 
expenditures  for  State  and  Federal-aid 


road  improvement  are  in  no  consider- 
able degree  responsible  for  the  com- 
plaint of  burdensome  taxation. 

FEDERAL-AID  APPORTIONMENT 
EQUITABLE 

As  stated  in  the  report  for  the  fiscal 
year  1926,  the  apportionment  of 
Federal  aid  is  quite  consistent  with  the 
needs  of  the  several  sections  of  the 
country,  as  indicated  b}'  the  ratio  of 
motor-vehicle  registration  to  the  mile- 
age of  the  Federal-aid  system  in  each 
area.  This  ratio  is  a  measure  of 
potential  traffic  on  the  system,  and, 
according  as  it  is  high  or  low,  expresses 
the  need  for  a  higher  or  lower  tj'^pe  of 
road  improvement,  i.  e.,  for  a  greater 
or  less  expenditure. 

A  year  ago  it  was  shown  that  the 
total  apportionment  of  Federal-aid 
appropriations  to  each  of  the  several 
geographic  divisions  of  the  country, 
considering  the  mileage  in  each,  was  in 
remarkably  close  agreement  with  the 
requirements  of  traffic,  as  indicated  by 
the  ratio  referred  to  above. 

The  changes  in  motor-vehicle  regis- 
tration in  the  last  year  and  the  appro- 
priation that  has  since  become  available 
have  not  altered  this  very  satisfactory 
relation.  As  shown  by  Table  8,  the 
average  Federal-aid  apportionment  per 
mile  of  system  is  still  consistent  with 
the  potential  traffic,  as  indicated  by  the 
motor-vehicle  registration  per  mile. 
The  several  areas  are  arranged  in  the 
table  in  the  descending  order  of  their 
average  Federal-aid  apportionment  per 
mile,  and  it  will  be  seen  that,  with  the 
exception  of  the  East  South  Central  and 
Mountain  States,  they  would  be  ranked 
in  the  same  order  in  respect  to  their 
potential  traffic.  The  two  exceptional 
groups  are  shown  to  have  received  a 
somewhat  disproportionate  apportion- 
ment in  consideration  of  their  potential 
traffic. 


Table  8, — Apportionment  of  Federal  aid  per  mile  of  Federal-aid  highway  system 
compared  with  motor-vehicle  registration 


Group  of  States 


Middle  Atlantic 

New  England 

Pacific 

East  North  Central.. 
East  South  Central.. 

South  Atlantic 

Moimtain 

West  South  Central. 
West  North  Central. 

All  States 


Mileage  of 
Federal- 
aid  system 
approved 
to  June 
30,  1927 


10, 818. 4 
5, 917.  7 
10, 513.  0 
27, 945. 9 
14, 443.  3 
21,  728.  3 
21, 735.  3 
24, 676. 6 
47, 993.  7 


185,  772.  2 


Federal-aid 
funds  appor- 
tioned to 
States  July 
11,  1916  to 
June  30,  1927 


$81, 756, 959 
33,  352, 257 
47,  895, 109 

123, 478, 085 
60, 858, 685 
90, 172,  875 
88, 916, 981 
86, 084, 797 

130,  518, 474 


Motor 

vehicles 

registered 

during  1926 


922, 033 
378,  721 
197, 322 
404, 142 
992, 326 
093, 402 
735,  286 
998,  726 
167, 938 


1  743, 034,  222  I  21, 


Average 
Federal- 
aid  appor- 
tionment 
per  mile 
of  system 


$7, 566 
5,636 
4,556 
4,418 
4,214 
4,150 
4,091 
3,489 
2,719 


4,000 


Motor 
vehicle 
registra- 
tion per 
mile  of 
system 


363 
233 
209 
193 


118 


» Including  the  apportionment  of  $1,465,778  to  Hawaii  the  total  apportionment  up  to  June  30,  1927,  was 
$744,500,000. 

64242—27 2 
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As  a  year  ago,  the  greatest  motor- 
vehicle  registration  per  mile  is  iu  the 
Middle  Atlantic  States,  and  this  group, 
including  Ne^v  York,  Pennsylvania,  and 
New  Jersey,  is  also  shown  to  have 
received  the  largest  apportionment  of 
Federal  aid  in  proportion  to  the 
mileage  of  the  Federal-aid  system 
within  their  borders.  Next  to  these 
States  in  order  of  potential  traffic  and 
also  in  the  magnitude  of  the  appor- 
tionment are  the  New  England  States. 

The  West  North  Central  States' 
apportionment  per  mile  of  highway  in 
the  system  is  lower  than  that  of  any 
other  group  and  their  potential  traffic  is 
greater  than  that  of  only  one  other 
group. 

SUMMARY  OF  FEDERAL-AID  ROAD 
WORK  BY  STATES 

The  progress  made  in  each  of  the 
States  during  the  year  and  the  results 
of  the  11  years  of  Federal-aid  road 
construction  are  set  forth  in  the 
following  condensed  summarv  for  each 
State. 

ALABAMA 

The  Federal-aid  highway  system 
includes  3,884  miles,  of  which  1,494 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  78.3 
miles  were  added  during  the  year.  At 
the  close  of  the  year  299.9  miles  Vv-ere 
under  construction  and  1.9  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  72.3  miles  of  graded  and 
drained  earth  roads,  413.2  miles  of  sand- 
clay,  780.9  miles  of  gravel,  11.6  miles  of 
water-bound  macadam,  53.2  miles  of 
bituminous  macadam,  87.5  miles  of 
bituminous  concrete,  and  71.9  miles  of 
Portland-cement  concrete,  in  addition 
to  which  there  are  bridges  with  a  total 
length  of  3.3  miles. 

The  total  cost  of  all  Federal-aid  roads 
completed,  including  10.2  miles  of 
stage  construction,  was  $22,394,983.26, 
of  which  the  Federal  share  was  $10,678,- 
040.69.  The  disbursement  of  Federal 
funds  to  the  State  was  $1,206,220.03. 
This,  added  to  the  disbursements 
made  during  previous  years  and  sub- 
tracted from  the  State's  total  appor- 
tionment of  $15,896,675,  leaves  a 
balance  of  $4,771,272.  49  unexpended 
funds  to  the  credit  of  the  State. 

ARIZONA 

The  Federal-aid  highway  system 
includes  1,498  miles,  of  which  835.7 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  68.6 
miles  were  added  during  the  year.     At 


the  close  of  the  year  27.8  miles  were 
under  construction  and  19.1  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  124.2  miles  of  graded  and 
drained  earth  roads,  131.4  miles  of 
sand-clay,  428.2  miles  of  gravel,  14.2 
miles  of  water-bound  macadam,  26.6 
miles  of  bitviminous  concrete,  and  108.5 
miles  of  Portland-cement  concrete,  in 
addition  to  which  there  are  bridges  with 
a  total  length  of  2.6  miles. 

The  total  cost  of  all  Federal-aid  roads 
completed,  including  7.1  miles  of  stage 
construction,  was  $12,288,747,  of  which 
the  Federal  share  was  $6,750,136.37. 
The  disbursement  of  Federal  funds  to 
the  State  was  $721,244.42.  This, 
added  to  the  disbursements  made  dur- 
ing previous  years  and  subtracted  from 
the  State's  total  apportionment  of 
$10,674,243,  leaves  a  balance  of 
$3,693,858.39  unexpended  funds  to  the 
credit  of  the  State. 

ARKANSAS 

The  Federal-aid  highway  system 
includes  5,021.1  miles,  of  which  1,587.4 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  168.9 
miles  were  added  during  the  year.  At 
the  close  of  the  year  184.7  miles  were 
under  construction  and  19.4  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  3  miles  of  sand-clay, 
1,059.5  miles  of  gravel,  48.4  miles  of 
water-bound  macadam,  98.9  miles  of 
bituminous  macadam,  256.3  miles  of 
bituminous  concrete,  and  118.2  miles  of 
Portland-cement  concrete,  in  addition 
to  which  there  are  bridges  with  a  total 
length  of  3.3  miles. 

The  total  cost  of  all  Federal-aid  roads 
completed  was  $22,638,788.64,  of  which 
the  Federal  share  was  $9,675,983.97. 
The  disbursement  of  Federal  funds  to 
the  State  was  $986,717.98.  This, 
added  to  the  disbursements  made  dur- 
ing previous  years  and  subtracted  from 
the  State's  total  apportionment  of 
$12,883,700,  leaves  a  balance  of  $2,794,- 
443.71  unexpended  funds  to  the  credit 
of  the  State. 

CALIFORNIA 

The  Federal-aid  highway  system  in- 
cludes 4,771.5  miles,  of  which  1,365.3 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  195.6 
miles  were  added  during  the  year.  At 
the  close  of  the  year  92.4  miles  were 
under  construction  and  4.5  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  314  miles  of  graded  and 
drained    earth    roads,    348.5    ^liles    of 
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gravel,  18.6  miles  of  water-bound 
macadam,  63.1  miles  of  bituminous 
macadam,  85.9  miles  of  bituminous 
concrete,  and  530  miles  of  Portland- 
cement  concrete,  in  addition  to  which 
there  are  bridges  with  a  total  length  of 
4.9  miles. 

The  total  cost  of  all  Federal -aid  roads 
completed,  including  34  miles  of  stage 
construction,  was  $37,590,843.42,  of 
which  the  Federal  share  was  $18,275,- 
993.48.  The  disbursement  of  Federal 
funds  to  the  State  was  $2,978,864.97. 
This,  added  to  the  disbursements  made 
during  previous  years  and  subtracted 
from  the  State's  total  apportionment 
of  $24,556,252,  leaves  a  balance  of 
$5,457,231.73  unexpended  funds  to  the 
credit  of  the  State. 

COLORADO 

The  Federal-aid  highway  system 
includes  3,332  miles,  of  which  936.6 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  166.6 
miles  were  added  during  the  3-ear.  At 
the  close  of  the  year  141.5  miles  were 
under  construction  and  2.9  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  231.7  miles  of  graded 
and  drained  earth  roads,  105.7  miles  of 
sand-clay,  409  miles  of  gravel,  4  miles 
of  bituminous  concrete,  and  207.3 
miles  of  Portland-cement  concrete,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  6  miles. 

The  total  cost  of  all  Federal-aid  roads 
completed,  including  5.3  miles  of  stage 
construction,  was  $18,184,354.89,  of 
which  the  Federal  share  was  $9,269,- 
990.10.  The  disbursement  of  Federal 
funds  to  the  State  was  $1,289,506.73. 
This,  added  to  the  disbursements  made 
during  previous  years  and  subtracted 
from  the  State's  total  apportionment 
of  $13,702,332,  leaves  a  balance  of 
$4,283,337.09  unexpended  funds  to  the 
credit  of  the  State. 

CONNECTICUT 

The  Federal-aid  highway  system  in- 
cludes 835.4  miles,  of  which  151.1 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  24 
miles  were  added  during  the  year.  At 
the  close  of  the  j-ear  50.1  miles  were 
under  construction  and  13  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  0.2  mile  of  gravel,  8.7 
miles  of  water-bound  macadam,  27.1 
miles  of  bituminous  macadam,  and 
114.9  miles  of  Portland-cement  con- 
crete, in  addition  to  which  there  are 
bridges  with  a  total  length  of  0.3  mile. 


The  total  cost  of  all  Federal-aid 
roads  completed  was  $7,612,390.21, 
of  which  the  Federal  share  Avas  $2,691,- 
696.71.  The  disbursement  of  Federal 
funds  to  the  State  was  $613,841.51. 
This,  added  to  the  disbursements  made 
during  previous  j-ears  and  subtracted 
from  the  State's  total  apportionment 
of'  $4,806,366,  leaves  a  balance  of 
$1,839,661.74  unexpended  funds  to  the 
credit  of  the  State. 

DELAWARE 

The  Federal-aid  highway  system  in- 
cludes 415.8  miles,  of  which  164.5  miles 
have  been  improved  with  Federal  aid. 
Of  the  improved  mileage,  40.2  miles 
were  added  during  the  year.  At  the 
close  of  the  year  27.9  miles  were  under 
construction  and  11  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  5  miles  of  water-bound 
macadam,  153.1  miles  of  Portland- 
cement  concrete,  and  6.2  miles  of 
brick,  in  addition  to  which  there  are 
bridges  with  a  total  length  of  0.2  mile. 

The  total  cost  of  all  Federal-aid 
roads  completed  was  $6,350,437.65,  of 
which  the  Federal  share  was  $2,402,- 
277.97.  The  disbursement  of  Federal 
funds  to  the  State  was  $450,337.15. 
This,  added  to  the  disbursements  made 
during  previous  j'ears  and  subtracted 
from  the  State's  total  apportionment 
of  $2,839,683,  leaves  a  balance  of 
$472,267.59  unexpended  funds  to  the 
credit  of  the  State. 

FLORIDA 

The  Federal-aid  highway  system  in- 
cludes 1,926  miles,  of  which  315.6  miles 
have  been  improved  with  Federal  aid. 
Of  the  improved  mileage,  65.9  miles 
were  added  during  the  year.  At  the 
close  of  the  year  125.8  miles  were  und^ 
construction  and  24.2  miles  were  ap- 
proved. 

The  mileage  improved  with  Federal 
aid  consists  of  9.8  miles  of  graded  and 
drained  earth  roads,  21.1  miles  of  sand- 
clay,  34.8  miles  of  gravel,  18.5  miles  of 
water-bound  macadam,  72.7  miles  of 
bituminous  macadam,  41.8  miles  of 
bituminous  concrete,  103.9  miles  of 
Portland-cement  concrete,  and  10.1 
miles  of  brick,  in  addition  to  which 
there  are  bridges  with  a  total  length  of 
3  miles. 

The  total  cost  of  all  Federal-aid  roads 
completed,  including  24.8  miles  of  stage 
construction,  was  $10,391,903.41,  of 
which  the  Federal  share  was  $5,011,- 
696.35.  The  disbursement  of  Federal 
funds  to  the  State  was  $1,434,043.79. 
This,  added  to  the  disbursements  made 
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during  previous  years  and  subtracted 
from  the  State's  total  apportionment 
of  $8,984,405,  leaves  a  balance  of 
$2,701,356.63  unexpended  funds  to  the 
credit  of  the  State. 

GEORGIA 

The  Federal-aid  highway  system  in- 
cludes 5,558.4  miles,  of  which  2,369.8 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  394.3  miles 
were  added  during  the  year.  At  the 
close  of  the  year  137.5  miles  were  under 
construction  and  0.3  mile  was  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  166  miles  of  graded 
and  drained  earth  roads,  1,257.7 
miles  of  sand-clay,  423.3  miles  of 
gravel,  73.1  miles  of  water-bound 
macadam,  123.1  miles  of  bituminous 
macadam,  25.9  miles  of  bituminous 
concrete,  275.2  miles  of  Portland- 
cement  concrete,  and  0.5  mile  of  brick, 
in  addition  to  which  there  are  bridges 
with  a  total  length  of  25.2  miles. 

The  total  cost  of  all  Federal-aid  roads 
completed,  including  156  miles  of  stage 
construction,  was  $36,023,188.89,  of 
which  the  Federal  share  was  $17,101,- 
498.97.  The  disbursement  of  Federal 
funds  to  the  State  was  $2,535,285.99. 
This,  added  to  the  disbursements  made 
during  previous  years  and  subtracted 
from  the  State's  total  apportionment 
of  $20,411,162,  leaves  a  balance  of 
$2,435,761.10  unexpended  funds  to  the 
credit  of  the  State. 

IDAHO 

The  Federal-aid  highway  system  in- 
cludes 2,770  miles,  of  which  950.7  miles 
have  been  improved  with  Federal  aid. 
Of  the  improved  mileage,  177  miles 
w^ere  added  during  the  year.  At  the 
close  of  the  year  83.9  miles  were  under 
construction  and  9.3  miles  were  ap- 
proved. 

The  mileage  improved  with  Federal 
aid  consists  of  228.7  miles  of  graded 
and  drained  earth  roads,  22.7  miles 
of  sand-clay,  591.4  miles  of  gravel, 
4.3  miles  of  water-bound  macadam,  4.9 
miles  of  bituminous  macadam,  61 
miles  of  bituminous  concrete,  and  35.9 
miles  of  Portland-cement  concrete,  in 
addition  to  wlaich  there  are  bridges  with 
a  total  length  of  2  miles. 

The  total  cost  of  all  Federal-aid  roads 
completed,  including  83.5  miles  of  stage 
construction,  was  $14,160,210.06,  of 
which  the  Federal  share  was  $7,669,- 
247.11.  The  disbursement  of  Federal 
funds  to  the  State  was  $1,235,844.20. 
This,  added  to  the  disbursements  made 
during  previous  years  and  subtracted 
from  the  State's  total   apportionment 


of  $9,494,820,  leaves  a  balance  of 
$1,569,930.43  unexpended  funds  to  the 
credit  of  the  State. 


ILLINOIS 

The  Federal-aid  highway  system 
includes  6,616.8  miles,  of  which  1,543.4 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  76.3 
miles  were  added  during  the  year.  At 
the  close  of  the  year  343.4  miles  were 
under  construction  and  187  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  110.4  miles  of  graded  and 
drained  earth  roads,  3.3  miles  of  bitu- 
minous macadam,  8.1  miles  of  bitu- 
minous concrete,  1,394.4  miles  of  Port- 
land-cement concrete,  and  25.8  miles  of 
brick,  in  addition  to  which  there  are 
bridges  with  a  total  length  of  1.4  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed,  including  28.2  miles 
of  stage  construction,  M'as  $48,898,- 
354.53,  of  which  the  Federal  share  was 
$22,958,520.84.  The  disbursement  of 
Federal  funds  to  the  State  was 
$2,427,392.92.  This  added  to  the  dis- 
bursements made  during  previous  years 
and  subtracted  from  the  State's  total 
apportionment  of  $32,986,627,  leaves  a 
balance  of  $8,012,418.05  unexpended 
funds  to  the  credit  of  the  State. 

INDIANA 

The  Federal-aid  highway  system  in- 
cludes 4,701.5  miles,  of  which  841.5 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  154.3 
miles  were  added  during  the  year. 
At  the  close  of  the  year  367.9  miles 
were  under  construction  and  68.8  miles 
were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  17  miles  of  graded  and 
drained  earth  roads,  33.5  miles  of 
gravel,  56.7  miles  of  water-bound 
macadam,  17  miles  of  bituminous 
macadam,  12  miles  of  bituminous  con- 
crete, and  702.3  miles  of  Portland- 
cement  concrete,  in  addition  to  which 
there  are  bridges  with  a  total  length  of 
2.9  miles. 

The  total  cost  of  all  Federal-aid  roads 
completed,  including  11.6  miles  of 
stage  construction,  was  $27,496,654.62, 
of  which  the  Federal  share  was 
$13,147,848.20.  The  disbursement  of 
Federal  funds  to  the  State  was  $2,055,- 
735.74.  This,  added  to  the  disburse- 
ments made  during  previous  years  and 
subtracted  from  the  State's  total  appor- 
tionment of  $20,131,127,  leaves  a 
balance  of  $4,570,362.18  unexpended 
funds  to  the  credit  of  the  State. 
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IOWA 

The  Federal-aid  highway  system 
includes  7,212  miles,  of  which  2',592.6 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  415.6 
miles  were  added  during  the  year.  At 
the  close  of  the  year  456.6  miles  were 
under  construction  and  44.1  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  1,469  miles  of  graded  and 
drained  earth  roads,  586.4  miles  of 
gravel,  514  miles  of  Portland-cement 
concrete,  and  22  miles  of  brick,  in  addi- 
tion to  which  there  are  bridges  with  a 
total  length  of  1.2  miles. 

The  total  cost  of  all  Federal-aid  roads 
completed,  including  130.2  miles  of 
stage  construction,  was  $36,686,963.96, 
of  which  the  Federal  share  was  $15,507,- 
575.57.  The  disbursement  of  Federal 
funds  to  the  State  was  $2,845,968.50. 
This,  added  to  the  disbursements  made 
during  previous  years  and  subtracted 
froin  the  State's  total  apportionment  of 
$21,530,562,  leaves  a  balance  of  $4,882,- 
751.15  unexpended  funds  to  the  credit 
of  the  State. 

KANSAS 

The  Federal-aid  highway  system  in- 
cludes 7,892  miles,  of  which  1,624.7 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  361.1 
miles  were  added  during  the  year.  At 
the  close  of  the  year  555.1  miles  were 
under  construction  and  167  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  562.1  miles  of  graded  and 
drained  earth  roads,  135.7  miles  of 
sand-clay,  198  miles  of  gravel,  4.5  miles 
of  water-bound  macadam,  97.7  miles  of 
bituminous  macadam,  3.4  miles  of 
bituminous  concrete,  479.3  miles  of 
Portland-cement  concrete,  and  134.4 
miles  of  brick,  in  addition  to  which 
there  are  bridges  with  a  total  length  of 
9.2  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed,  including  27  miles  of 
stage  construction,  was  $40,056,652.74, 
of  which  the  Federal  share  was  $15,- 
781,141.51.  The  disbursement  of  Fed- 
eral funds  to  the  State  was  $2,730,- 
002.55.  This,  added  to  the  disburse- 
ments made  during  previous  years  and 
subtracted  from  the  State's  total 
apportionment  of  $21,532,943,  leaves  a 
balance  of  $4,130,152.52  unexpended 
funds  to  the  credit  of  the  State. 


KENTUCKY 

The  Federal-aid  highway  system 
includes  3,702.5  miles,  of  which  898 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  110.6 
miles  were  added  during  the  year.  At 
the  close  of  the  year  393.4  miles  were 
under  construction  and  42.8  miles 
were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  411.2  miles  of  graded  and 
drained  earth  roads,  160.6  miles  of 
gravel,  41.4  miles  of  water-bound 
macadam,  153.4  miles  of  bituminous 
macadam,  126.9  miles  of  Portland- 
cement  concrete,  and  3.9  miles  of  brick, 
in  addition  to  which  there  are  bridges 
with  a  total  length  of  0.6  mile. 

The  total  cost  of  all  Federal-aid 
roads  completed,  including  111.3  miles 
of  stage  construction,  was  $24,510,- 
594.46,  of  which  the  Federal  share  was 
$10,092,978.19.  The  disbursement  of 
Federal  funds  to  the  State  was  $1,420,- 
029.31.  This,  added  to  the  disburse- 
ments made  during  previous  years  and 
subtracted  from  the  State's  total 
apportionment  of  $1,463,756,  leaves  a 
balance  of  $3,300,565.05  unexpended 
funds  to  the  credit  of  the  State. 

LOUISIANA 

The  Federal-aid  highway  system  in- 
cludes 2,722.8  miles,  of  which  1,214.5 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  144.7 
miles  were  added  during  the  year.  At 
the  close  of  the  year  105.1  miles  were 
under  construction  and  0.9  mile  was 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  25.2  miles  of  graded  and 
drained  earth  roads,  1,152.1  miles  of 
gravel,  3.2  miles  of  water-bound 
macadam,  9.5  miles  of  bituminous 
macadam,  10.4  miles  of  bituminous 
concrete,  and  10.7  miles  of  Portland- 
cement  concrete,  in  addition  to  which 
there  are  bridges  with  a  total  length  of 
3.5  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed,  including  4  miles  of 
stage  construction,  was  $16,906,801.67, 
of  which  the  Federal  share  was  $7,588,- 
692.38.  The  disbursement  of  Federal 
funds  to  the  State  was  $1,124,562.53. 
This,  added  to  the  disbursements  made 
during  previous  years  and  subtracted 
from  the  State's  total  apportionment  of 
$10,285,716,  leaves  a  balance  of  $2,127,- 
187.13  unexpended  funds  to  the  credit 
of  the  State. 
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MAINE 

The  Federal-aid  highway  system  in- 
cludes 1,393.5  miles,  of  which  362.8 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  raileagej  59.2 
miles  were  added  during  the  year.  At 
the  close  of  the  year  69.6  miles  were 
under  construction  and  5.6  miles  were 
approved. 

The  mileage  improved  with. Federal 
aid  consists  of  156  miles  of  gravel,  155.3 
miles  of  bituminous  macadam,  and  51.4 
miles  of  Portland-cement  concrete,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  0.2  mile. 

The  total  cost  of  all  Federal-aid  roads 
completed  was  $10,663,734.80,  of  which 
the  Federal  share  was  $4,907,920.04. 
The  disbursement  of  Federal  funds  to 
the  State  was  $878,953.95.  This,  added 
to  the  disbursements  made  during  pre- 
vious years  and  subtracted  from  the 
State's  total  apportionment  of  $7,145,- 
622,  leaves  a  balance  of  $1,760,547.37 
unexpended  funds  to  the  credit  of  the 
State. 

MARYLAND 

The  Federal-aid  highway  system  in- 
cludes 1,503.7  miles,  of  which  481.8 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  58.5 
miles  were  added  during  the  year.  At 
the  close  of  the  year  29.9  miles  were 
under  construction  and  66.6  miles  v/ere 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  4.7  miles  of  graded  and 
drained  earth  roads,  31.5  miles  of 
gravel,  0,1  mile  of  ^^ater-bound  mac- 
adam, 152.6  miles  of  bituminous  mac- 
adam, 17  miles  of  bituminous  concrete, 
and  276  miles  of  Portland-cement  con- 
crete. 

The  total  cost  of  all  Federal-aid  roads 
completed  was  $11,924,475.65,  of  which 
the  Federal  share  was  $5,584,458.27. 
The  disbursement  of  Federal  funds  to 
the  State  was  $650,106.91.  This,  added 
to  the  disbursements  made  during  pre- 
vious years  and  sul^tracted  from  the 
State's  total  apportionment  of  $6,560,- 
176,  leaves  a  balance  of  $763,972.12  un- 
expended funds  to  the  credit  of  the 
State. 

MASSACHUSETTS 

The  Federal-aid  highway  system  in- 
cludes 1,308  miles,  of  which  440.7  miles 
have  been  improved  with  Federal  aid. 
Of  the  improved  mileage,  55  miles  were 
added  during  the  year.  At  the  close  of 
the  year  62.6  miles  were  under  con- 
struction and  2.3  miles  were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  3.5  miles  of  water-bound 
macadam,   227.7   miles  of  bituminous 


macadam,  36.8  miles  of  bituminous 
concrete,  and  168.2  miles  of  Portland- 
cement  concrete,  in  addition  to  which 
there  are  bridges  with  a  total  length  of 
4.3  miles. 

The  total  cost  of  all  Federal-aid  roads 
completed  was  $22,960,850.63,  of  which 
the  Federal  share  was  $7,959,329,39. 
The  disbursement  of  Federal  funds  to 
the  State  was  $799,464.35.  This,  added 
to  the  disbursements  made  during  pre- 
vious years  and  subtracted  from  the 
State's  total  apportionment  of  $11,- 
197,826,  leaves  a  balance  of  $3,604,- 
233.03  unexpended  funds  to  the  credit 
of  the  State. 

MICHIGAN 

The  Federal-aid  highway  system  in- 
cludes 5,235  miles,  of  which  1,161.5 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  165.9 
miles  were  added  during  the  year.  At 
the  close  of  the  year  288  miles  were 
under  construction  and  26.3  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  0.5  mile  of  graded  and 
drained  earth  roads,  329.9  miles  of 
gravel,  18.9  miles  of  water-bound 
macadam,  10.4  miles  of  bituminous 
macadam,  73.5  miles  of  bituminous 
concrete,  727.7  miles  of  Portland- 
cement  concrete,  and  0.4  mile  of  brick, 
in  addition  to  \^'hich  there  are  bridges 
with  a  total  length  of  0.4  mile. 

The  total  cost  of  aU  Federal-aid 
roads  completed,  including  42.4  miles 
of  stage  construction,  was  $34,875,- 
126.43,  of  which  the  Federal  share  was 
$15,628,180.61.  The  disbursement  of 
Federal  funds  to  the  State  was 
$2,692,098.35.  This,  added  to  the  dis- 
bursements made  during  previous  years 
and  subtracted  from  the  State's  total 
apportionment  of  $22,557,056,  leaves 
a  balance  of  $5,201,602.96  unexpended 
funds  to  the  credit  of  the  State. 

MINNESOTA 

The  Federal-aid  highway  svstem  in- 
cludes 6,849.6  miles,  of  which  3,643.5 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  394.3 
miles  were  added  during  the  year.  At 
the  close  of  the  year  370  miles  were 
under  construction  and  19.4  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  490  miles  of  graded  and 
drained  earth  roads,  6.2  miles  of  sand- 
clay,  2,630.1  miles  of  gravel,  32.6  miles 
of  bituminous  concrete,  and  483.9  miles 
of  Portland-cement  concrete,  in  addi- 
tion to  which  there  are  bridges  with  a 
total  length  of  0.6  mile. 
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The  total  cost  of  all  Federal-aid 
roads  completed,  including  296.1  miles 
of  stage  construction,  was  $45,099,- 
648.47,  of  which  the  Federal  share  was 
$19,046,145.67.  The  disbursement  of 
Federal  funds  to  the  State  was 
$2,590,339.01.  This,  added  to  the 
disbursements  made  during  previous 
years  and  subtracted  from  the  State's 
total  apportionment  of  $21,712,521, 
leaves  a  balance  of  $2,189,305.45  unex- 
pended funds  to  the  credit  of  the  State. 

MISSISSIPPI 

The  Federal-aid  highway  system  in- 
cludes, 3,604  miles,  of  which  1,376.7 
miles  have  been  imi)roved  with  Federal 
aid.  Of  the  improved  mileage,  217.8 
miles  were  added  during  the  year.  At 
the  close  of  the  year  301.1  miles  were 
under  construction  and  65.2  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  213.9  miles  of  graded 
and  drained  earth  roads,  21.5  miles  of 
sand-clay,  976.6  miles  of  gravel,  11.1 
miles  of  water-bound  macadam,  1  mile 
of  bituminous  macadam,  9.5  miles  of 
bituminous  concrete,  133.1  miles  of 
Portland-cement  concrete,  and  D.2  miles 
of  brick,  in  addition  to  which  there  are 
bridges  with  a  total  length  of  0.6  mile. 

The  total  cost  of  all  Federal-aid 
roads  completed,  including  58  miles  of 
stage  construction,  was  $19,036,438.71, 
of  which  the  Federal  share  was 
$9,356,898.57.  The  disbursement  of 
Federal  funds  to  the  State  was 
$1,589,120.64.  This,  added  to  the 
disbursements  made  during  previous 
years  and  subtracted  from  the  State's 
total  apportionment  of  $13,435,897, 
leaves  a  balance  of  $2,726,597.67  unex- 
pended funds  to  the  credit  of  the  State. 

MISSOURI 

The  Federal-aid  highway  system 
includes  7,530  miles,  of  which  2,077.6 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  281.9 
miles  were  added  during  the  year.  At 
the  close  of  the  year  134  miles  were 
under  construction  and  68.4  miles 
were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  340  miles  of  graded  and 
drained  earth  roads,  867.4  miles  of 
gravel,  13.4  miles  of  water-bound 
macadam,  50.9  miles  of  bituminous 
macadam,  17.8  miles  of  bituminous 
concrete,  757.7  miles  of  Portland- 
cement  concrete,  and  20.9  miles  of 
brick,  in  addition  to  which  there  are 
bridges  with  a  total  length  of  9.1 
miles. 

The  total  cost  of  all  Federal-aid 
roads  completed,  including  69.7  miles 


of  stage  construction,  was  $47,057,- 
985.96,  of  which  the  Federal  share  was 
$21,442,541.23.  The  disbursement  of 
Federal  funds  to  the  State  was  $4,099,- 
338.56.  This,  added  to  the  disburse- 
ments made  during  previous  years  and 
subtracted  from  the  State's  total  ap- 
pottionment  of  $25,191,611,  leaves  a 
balance  of  $4,295,198.35  unexpended 
funds  to  the  credit  of  the  State. 

MONTANA 

The  Federal-aid  highway  system 
includes  4,665  miles,  of  which  1,161.8 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  90.3 
miles  were  added  during  the  year. 
At  the  close  of  the  year  119.6  miles 
were  under  construction  and  305.9 
miles  were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  213.1  miles  of  graded 
and  drained  earth  roads,  5.6  miles  of 
sand-clay,  883.7  miles  of  gravel,  16 
miles  of  water-bound  macadam,  6.9 
miles  of  bituminous  macadam,  2.8 
miles  of  bituminous  concrete,  and  31.3 
miles  of  Portland-cement  concrete,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  2.5  miles. 

The  total  cost  of  all  Federal-aid  roads 
completed,  including  71.5  miles  of 
stage  construction,  was  $12,937,675.16, 
of  which  the  Federal  share  was  $7,347,- 
567.20.  The  disbursement  of  Federal 
funds  to  the  State  was  $894,779.83. 
This,  added  to  the  disbursements  made 
during  previous  years  and  subtracted 
from  the  State's  total  apportionment 
of  $14,976,384,  leaves  a  balance  of 
$7,198,788.68  unexpended  funds  to  the 
credit  of  the  State. 

NEBRASKA 

The  Federal-aid  highway  system 
includes  5,569.1  miles,  of  which  2,651.1 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  629.9 
miles  were  added  during  the  year.  At 
the  close  of  the  year  900.6  miles  were 
under  construction  and  166.6  miles 
were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  922.9  miles  of  graded 
and  drained  earth  roads,  764.6  miles 
of  sand-clay,  873.7  miles  of  gravel, 
11  miles  of  bituminous  concrete,  55 
miles  of  Portland-cement  concrete, 
and  18.7  miles  of  brick,  in  addition  to 
which  there  are  bridges  with  a  total 
length  of  5.3  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed,  including  666.6  miles 
of  stage  construction,  was  $20,308,- 
791.23,  of  which  the  Federal  share  was 
$9,779,936.76.     The    disbursement    of 


16 


ANNUAL   EEPOKTS    OF   DEPARTMENT    OF    AGEICULTURE 


Federal  funds  to  the  State  was  $2,370,- 
258.28.  This,  added  to  the  disburse- 
ments made  during  previous  j^ears  and 
subtracted  from  the  State's  total 
apportionment  of  $16,220,373,  leaves 
a  balance  of  $4,986,183.13  unexpended 
funds  to  the  credit  of  the  State. 

NEVADA 

The  Federal-aid  highway  system 
includes  1,398  miles,  of  which  940.7 
miles  have  been  improved  with  Fed- 
eral aid.  Of  the  improved  mileage, 
230.6  miles  were  added  during  the  year. 
At  the  close  of  the  year  95.6  miles  were 
under  construction. 

_  The  mileage  improved  with  Federal 
aid  consists  of  40.6  miles  of  graded 
and  drained  earth  roads,  26.4  miles  of 
sand-clay,  792.9  miles  of  gravel,  10.2 
miles  of  water-bound  macadam,  20.6 
miles  of  bituminous  macadam,  2  miles  of 
bituminous  concrete,  and  44.9  miles  of 
Portland-cement  concrete,  in  addition 
to  which  there  are  bridges  with  a  total 
length  of  3.3  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed,  including  76  miles  of 
stage  construction,  was  $11,049,750.51, 
of  which  the  Federal  share  was  $8,133- 
489.64.  The  disbursement  of  Federal 
funds  to  the  State  was  $1,083,652.86. 
This,  added  to  the  disbursements  made 
during  previous  years  and  subtracted 
from  the  State's  total  apportionment 
of  $9,743,725,  leaves  a  balance  of 
$1,166,710.95  unexpended  funds  to  the 
credit  of  the  State. 

NEW  HAMPSHIRE 

The  Federal-aid  highway  system 
includes  980.9  miles,  of  which  268.5 
miles  have  been  improved  with  Fed- 
eral aid.  Of  the  improved  mileage, 
23.9  miles  were  added  during  the  year. 
At  the  close  of  the  year  27.1  miles  were 
under  construction  and  8.8  miles  were 
approved. 

_  The  mileage  improved  with  Federal 
aid  consists  of  99.1  miles  of  gravel, 
53.8  miles  of  water-bound  macadam, 

72.5  miles    of    bituminous    macadam, 

32.6  miles  of  bituminous  concrete,  and 
7.7  miles  of  Portland-cement  concrete, 
in  addition  to  which  there  are  bridges 
with  a  total  length  of  2.6  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  was  $5,966,371.13, 
of  which  the  Federal  share  was 
$2,827,664.73.  The  disbursement  of 
Federal  funds  to  the  State  was 
$424,768.85.  This,  added  to  the  dis- 
bursements made  during  previous  rears 
and  subtracted  from  the  State's  "^total 
apportionment  of  $3,535,117,  leaves  a 
balance  of  $628,734.92  unexpended 
funds  to  the  credit  of  the  State 


NEW  JERSEY 

The  Federal-aid  highway  system 
mcludes  1,198.3  miles,  of  which  345.1 
nailes  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  37.2 
miles  were  added  during  the  year.  At 
the  close  of  the  year  82.5  miles  were  un- 
der construction  and  5.9  miles  were  ap- 
proved. 

The  mileage  improved  with  Federal 
aid  consists  of  6.2  miles  of  graded  and 
drained  earth  roads,  0.8  mile  of  sand- 
clay,  3.8  miles  of  gravel,  21.9  miles  of 
bituminous  concrete,  and  310.1  miles  of 
Portland-cement  concrete,  in  addition 
to  which  there  are  bridges  with  a  total 
length  of  2.3  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  was  $24,357,307.14, 
of  which  the  Federal  share  was  $7,939,- 
988.87.  The  disbursement  of  Federal 
funds  to  the  State  was  $732,592.69. 
This,  added  to  the  disbursements  made 
during  previous  years  and  subtracted 
from  the  State's  total  apportionment 
of  $9,402,031,  leaves  a  balance  of 
$1,906,666.52  unexpended  funds  to  the 
credit  of  the  State. 

NEW  MEXICO 

The  Federal-aid  highway  system  in- 
cludes 3,298  miles,  of  which  1,560.3 
miles  have  been  improved  with  Fed- 
eral aid.  Of  the  improved  mileage 
69.8  miles  were  added  during  the  year. 
At  the  close  of  the  year  178.5  miles  were 
under  construction. 

The  mileage  improved  with  Federal 
aid  consists  of  243.4  miles  of  graded 
and  drained  earth  roads,  5.1  miles  of 
sand-clay,  1,239.4  miles  of  gravel,  0.7 
mile  of  bituminous  concrete,  and  70.1 
miles  of  Portland-cement  concrete,  in- 
addition  to  which  there  are  bridges  with 
a  total  length  of  1.6  miles. 

The  total  cost  of  all  Federal-aid  roads 
completed,  including  93  miles  of  stage 
construction,  was  $13,993,014.03,  of 
which  the  Federal  share  was  $8,401,- 
600.54.  The  disbursement  of  Federal 
funds  to  the  State  was  $1,110,390.27. 
This,  added  to  the  disbursements  made 
during  previous  years  and  subtracted 
from  the  State's  total  apportionment  of 
$12,159,149,  leaves  a  balance  of  $3,173,- 
897.80  unexpended  funds  to  the  credit 
of  the  State. 

NEW  YORK 

The  Federal-aid  highway  system  in- 
cludes 5,018  miles,  of  which  1,479.8 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  248 
miles  were  added  during  the  year.  At 
the  close  of  the  year  539.3  miles  were 
under  construction  and  155.6  miles  were 
approved. 
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The  mileage  improved  with  Federal 
aid  consists  of  2.4  miles  of  graded  and 
drained  earth  roads,  22.8  miles  of 
gravel,  345.1  miles  of  bituminous 
macadam,  11.5  miles  of  bituminous 
concrete,  1,096  miles  of  Portland- 
cement  concrete,  and  0.7  mile  of  brick, 
in  addition  to  which  there  are  bridges 
with  a  total  length  of  1.5  miles. 

The  total  cost  of  all  Federal-aid  roads 
completed  was  $56,632,985.44,  of  which 
the  Federal  share  was  $22,425,513.15. 
The  disbursement  of  Federal  funds  to 
the  State  was  $4,367,134.87.  This, 
added  to  the  disbursements  made  dur- 
ing previous  years  and  subtracted  from 
the  State's  total  apportionment  of 
$37,680,412,  leaves  a  balance  of  $12,- 
635,971.33  unexpended  funds  to  the 
credit  of  the  State. 

NORTH  CAROLINA 

The  Federal-aid  highway  system  in- 
cludes 3,860.8  miles,  of  which  1,489 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  145.9 
miles  were  added  during  the  year.  At 
the  close  of  the  year  58.7  miles  were 
under  construction  and  36.8  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  89.6  miles  of  graded  and 
drained  earth  roads,  521.1  miles  of 
sand-clay,  70.9  miles  of  gravel,  19.6 
miles  of  water-bound  macadam,  37.9 
miles  of  bituminous  macadam  249.4 
miles  of  bituminous  concrete,  and  498.3 
miles  of  Portland-cement  concrete,  in 
addition  to  which  there  are  bridges  with 
a  total  length  of  2.1  miles. 

The  total  cost  of  all  Federal-aid  roads 
completed,  including  91.8  miles  of  stage 
construction,  was  $36,025,574.41,  of 
which  the  Federal  share  was  $14,869,- 
283.31.  The  disbursement  of  Federal 
funds  to  the  State  was  $2,441,688.30. 
This,  added  to  the  disbursements  made 
during  previous  years  and  subtracted 
from  the  State's  total  apportionment 
of  $17,430,562,  leaves  a  balance  of 
$2,114,184.48  unexpended  funds  to  the 
credit  of  the  State. 

NORTH  DAKOTA 

The  Federal-aid  highway  system  in- 
cludes 7,194  miles,  of  which  2,851.7 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  576 
miles  were  added  during  the  year.  At 
the  close  of  the  year  602.8  miles  were 
under  construction  and  320.8  miles 
were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  1,458.0  miles  of  graded 
and  drained  earth  roads,  25.1  miles  of 
sand-clay,  1,354.3  miles  of  gravel,  1 
mile  of  water-bound  macadam,  1.9 
miles  of  bituminous  concrete,  and  4.7 
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miles  of  Portland-cement  concrete,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  6  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed,  including  840.8  miles 
of  stage  construction,  was  $16,716,- 
504.05,  of  which  the  Federal  share  was 
$8,225,349.31.  The  disbursement  of 
Federal  funds  to  the  State  was  $2,530,- 
261.21.  This,  added  to  the  disburse- 
ments made  during  previous  years  and 
subtracted  from  the  State's  total  ap- 
portionment of  $11,943,610,  leaves  a 
balance  of  $2,612,640.08  unexpended 
funds  to  the  credit  of  the  State. 

OHIO 

The  Federal-aid  highway  system  in- 
cludes 5,899.3  miles,  of  which  1,550.7 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  128.1 
miles  were  added  during  the  year.  At 
the  close  of  the  year  298.6  miles  were 
under  construction  and  20.8  miles 
were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  41.2  miles  of  graded  and 
drained  earth  roads,  6.7  miles  of  gravel, 
103,3  miles  of  water-bound  macadam, 
320.1  miles  of  bituminous  macadam, 
93.8  miles  of  bituminous  concrete, 
539.9  miles  of  Portland-cement  con- 
crete, and  444.9  miles  of  brick,  in  addi- 
tion to  which  there  are  bridges  with  a 
total  length  of  0.7  mile. 

The  total  cost  of  all  Federal-aid  roads 
completed,  including  34.6  miles  of  stage 
construction,  was  $53,799,465.23,  of 
which  the  Federal  share  was  $19,827,- 
851.84.  The  disbursement  of  Federal 
funds  to  the  State  was  $2,580,502.50. 
This,  added  to  the  disbursements  made 
during  previous  years  and  subtracted 
from  the  State's  total  apportionment 
of  $28,494,005,  leaves  a  balance  of 
$6,740,945.60  unexpended  funds  to  the 
credit  of  the  State. 

OKLAHOMA 

The  Federal-aid  highway  system  in- 
cludes 5,528  miles,  of  which  1,384.5 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  183 
miles  were  added  during  the  year.  At 
the  close  of  the  year  134.8  miles  were 
under  construction  and  71.5  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  219.8  miles  of  graded 
and  drained  earth  roads,  2.3  miles  of 
sand-clay,  605.6  miles  of  gravel,  6.3 
miles  of  water-bound  macadam,  8.4 
miles  'of  bituminous  macadam,  78.4 
miles  of  bituminous  concrete,  443  miles 
of  Portland-cement  concrete,  and  8.9 
miles  of  brick,  in  addition  to  which 
there  are  bridges  with  a  total  length  of 
11.5  miles. 
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The  total  cost  of  all  Federal-aid 
roads  completed,  including  23.2  miles 
of  stage  construction,  was  $32,242,- 
064.54,  of  which  the  Federal  share  was 
$14,883,940.46.  The  disbursement  of 
Federal  funds  to  the  State  was  $1,339,- 
252.44.  This,  added  to  the  disburse- 
ments made  during  previous  years  and 
subtracted  from  the  State's  total  ap- 
portionment of  $17,811,678,  leaves  a 
balance  of  $2,812,013.26  unexpended 
funds  to  the  credit  of  the  State. 

OREGON 

The  Federal-aid  highwav  system  in- 
cludes 2,814  miles,  of  which  1,055.2 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  93.6 
miles  were  added  during  the  j^ear.  At 
the  close  of  the  year  62.2  miles  were 
under  construction  and  9.9  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  145.3  miles  of  graded  and 
drained  earth  roads,  728  miles  of  gravel, 
25.6  miles  of  water-bound  macadam, 
0.8  mile  of  bituminous  macadam,  52.9 
miles  of  bituminous  concrete,  and  99.8 
miles  of  Portland-cement  concrete,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  2.8  miles. 

The  total  cost  of  all  Federal-aid  roads 
completed,  including  23  miles  of  stage 
construction,  was  $19,750,647.26,  of 
which  the  Federal  share  was  $10,141,- 
690.44.  The  disbursement  of  Federal 
funds  to  the  State  was  $1,301,855.33. 
This,  added  to  the  disbursements  inade 
during  previous  years  and  subtracted 
from  the  State's  total  apportionment 
of  $12,061,549,  leaves  a  balance  of 
$1,311,677.28  unexpended  funds  to  the 
credit  of  the  State. 

PENNSYLVANIA 

The  Federal-aid  highwav  system  in- 
cludes 4,602.1  miles,  of  which  1,639.5 
iniles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  204.3 
miles  were  added  during  the  year.  At 
the  close  of  the  year  217.9  miles  were 
under  construction  and  64.2  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  89.7  miles  of  graded  and 
drained  earth  roads,  7.8  miles  of  bi- 
tuminous macadam,  101.2  miles  of  bi- 
tuminous concrete,  1,414.2  miles  of 
Portland-cement  concrete,  and  26.4 
miles  of  brick. 

The  total  cost  of  all  Federal-aid  roads 
completed  was  $83,038,333.31,  of  which 
the  Federal  share  was  $27,819,175.23. 
The  disbursement  of  Federal  funds  to 
the  State  was  $3,180,313.25.  This, 
added  to  the  disbursements  made  dur- 
ing previous  years  and  subtracted  from 
the    State's    total    apportionment    of 


$34,674,516  leaves  a  balance  of  $6,- 
066,283.78  unexpended  funds  to  the 
credit  of  the  State. 

RHODE  ISLAND 

The  Federal-aid  highway  system  in- 
cludes 356.9  miles,  of  which  118.2  miles 
have  been  improved  with  Federal  aid. 
Of  the  improved  mileage,  23.9  miles 
were  added  during  the  year.  At  the 
close  of  the  year  20.4  miles  were  under 
construction  and  9.3  miles  were  ap- 
proved. 

The  mileage  improved  with  Federal 
aid  consists  of  1.8  iniles  of  water-bound 
macadam,  17.4  miles  of  bituminous 
macadam,  47.3  miles  of  bituminous  con- 
crete, and  51.6  miles  of  Portland- 
cement  concrete. 

The  total  cost  of  all  Federal-aid  roads 
completed  was  $5,326,208.94,  of  which 
the  Federal  share  was  $2,030,654.06 
The  disbursement  of  Federal  funds  to 
the  State  was  $466,586.24.  This,  add- 
ed to  the  disbursements  made  during 
previous  years  and  subtracted  from  the 
State's  total  apportionment  of  $3,- 
033,194  leaves  a  balance  of  $1,007,- 
778.70  unexpended  funds  to  the  credit 
of  the  State. 

SOUTH   CAROLINA 

The  Federal-aid  highwav  system 
includes  3,230  miles,  of  which  1,639.2 
miles  have  been  iinproved  with  Federal 
aid.  Of  the  improved  mileage,  102.3 
miles  were  added  during  the  year. 
At  the  close  of  the  year  165  miles 
were  under  construction  and  22.9 
miles  were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  40.5  miles  of  graded 
and  drained  earth  roads,  1,289.6  miles 
of  sand-clay,  115.6  miles  of  gravel, 
8.9  miles  of  water-bound  macadam, 
3  miles  of  bituminous  macadam,  89 
miles  of  bituminous  concrete,  81.4 
miles  of  Portland-cement  concrete, 
and  0.2  mile  of  brick,  in  addition  to 
which  there  are  bridges  with  a  total 
length  of  10.9  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed,  including  45.6  miles 
of  stage  construction,  was  $19,448,- 
510.98,  of  which  the  Federal  share 
was  $8,712,260.60.  The  disbursement 
of  Federal  funds  to  the  State  was 
$1,187,023.41.  This,  added  to  the  dis- 
bursements made  during  previous  A'ears 
and  subtracted  from  the  State's  total 
apportionment  of  $10,856,512,  leaves 
a  balance  of  $1,421,754.67  unexpended 
funds  to  the  credit  of  the  State. 

SOUTH   DAKOTA 

The  Federal-aid  highway  system 
includes  5,747  miles,  of  which  2,618.1 
miles  have  been  improved  with  Federal 
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■aid.  Of  the  improved  mileage,  372.3 
miles  were  added  during  the  year.  At 
the  close  of  the  year  508.4  miles  were 
under  construction  and  131.5  miles 
were  approved. 

The  mileage  improved  with  Federal 
aid  con.sists  of  495.1  miles  of  graded 
and  drained  earth  roads,  18.2  miles  of 
sand-clay,  2,101.5  miles  of  gravel,  and 
1.2  miles  of  Portland-cement  concrete, 
in  addition  to  which  there  are  bridges 
with  a  total  length  of  2.1  miles. 

The  total  cost  of  all  Federal-aid 
Toads  completed,  including  278.9  miles 
of  stage  construction,  was  $19,735,- 
884.45,  of  which  the  Federal  share  was 
$9,758,202.41.  The  disbursement  of 
Federal  funds  to  the  State  was  $1,074,- 
687.39.  This,  added  to  the  disburse- 
ments made  during  previous  years  and 
subtracted  from  the  State's  total  appor- 
tionment of  $12,386,854,  leaves  a  bal- 
ance of  $1,942,005.03  unexpended  funds 
to  the  credit  of  the  State. 

TENNESSEE 

The  Federal-aid  highwav  svstem  in- 
cludes 3,252.8  miles,  of  "which  975.4 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  140.1 
miles  were  added  during  the  year. 
At  the  close  of  the  year  119  miles 
were  under  construction. 

The  mileage  improved  with  Federal 
aid  consists  of  149.4  miles  of  graded 
and  drained  earth  roads,  117  miles  of 
gravel,  52.2  miles  of  water-bound 
macadam,  416.2  miles  of  bituminous 
macadam,  27.7  miles  of  bituminous 
concrete,  and  211.2  miles  of  Portland- 
cement  concrete,  in  addition  to  which 
there  are  bridges  with  a  total  length 
of  1.6  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed,  including  52  miles 
of  stage  construction,  was  $28,556,- 
694.76,  of  which  the  Federal  share  was 
$13,448,035.73.  The  disbursement  of 
Federal  funds  to  the  State  was  $1,793,- 
804.55.  This,  added  to  the  disburse- 
ments made  during  previous  years 
and  subtracted  from  the  State's  total 
apportionment  of  $16,895,357,  leaves  a 
balance  of  $3,024,467.64  unexpended 
funds  to  the  credit  of  the  State. 

TEXAS 

The  Federal-aid  highway  system  in- 
cludes 11,404.7  miles,  of  which  5,658.2 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  602.4 
miles  were  added  during  the  year.  At 
the  close  of  the  year  343.3  miles  were 
under  construction  and  54.7  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  795  miles  of  graded  and 
drained  earth  roads,  83.9  miles  of  sand- 


clay,  2,963  miles  of  gravel,  527  miles  of 
water-bound  macadam,  622.4  miles  of 
bituminous  macadam,  120.6  miles  of 
bituminous  concrete,  509.2  miles  of 
Portland-cement  concrete,  and  29.2 
miles  of  brick,  in  addition  to  which 
there  are  bridges  with  a  total  length  of 
8  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed,  including  181.1  miles 
of  stage  construction,  was  $84,133,- 
673.64,  of  which  the  Federal  share  was 
$34,164,583.64.  The  disbursement  of 
Federal  funds  to  the  State  was  $4,710,- 
228.42.  This,  added  to  the  disburse- 
ments made  during  previous  years  and 
subtracted  from  the  State's  total  ap- 
portionment of  $45,103,703,  leaves  a 
balance  of  $8,982,385.50  unexpended 
funds  to  the  credit  of  the  State. 

UTAH 

The  Federal-aid  highway  svstem  in- 
cludes 1,677.3  miles,  of  which  721.1 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  98.5 
miles  were  added  during  the  year.  At 
the  close  of  the  year  81.3  miles  were 
under  construction  and  37.6  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  94.3  miles  of  graded  and 
drained  earth  roads,  41.7  miles  of  sand- 
clay,  472.1  miles  of  gravel,  9.3  miles  of 
water-bound  macadam,  0.7  mile  of 
bituminous  macadam,  9.9  miles  of 
bituminous  concrete,  and  91.6  miles  of 
Portland-cement  concrete,  in  addition 
to  which  there  are  bridges  with  a  total 
length  of  1.7  miles. 

The  total  cost  of  all  Federal-aid  roads 
completed  was  $10,182,174.78,  of  which 
the  Federal  share  was  $6,550,122.70. 
The  disbursement  of  Federal  funds  to 
the  State  was  $830,082.69.  This, 
added  to  the  disbursements  made  dur- 
ing previous  years  and  subtracted  from 
the  State's  total  apportionment  of 
$8,665,685,  leaves  a  balance  of  $1,806,- 
840.29  unexpended  funds  to  the  credit 
of  the  State. 

VERMONT 

The  Federal-aid  highway  system 
includes  1,043  miles,  of  which  160.5 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  25.3 
miles  were  added  during  the  year.  At 
the  close  of  the  year  33.9  miles  were 
under  construction  and  27.4  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  99.8  miles  of  gravel,  3.5 
miles  of  water-bound  macadam,  30.1 
miles  of  bituminous  macadam,  and  21.2 
miles  of  Portland-cement  concrete,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  5.8  miles. 
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The  total  cost  of  all  Federal-aid  roads 
completed  was  $5,485,007.14,  of  which 
the  Federal  share  was  $2,545,061.70. 
The  disbursement  of  Federal  funds  to 
the  State  was  $625,423.73.  This, 
added  to  the  disbursements  made  dur- 
ing previous  years  and  subtracted 
from  the  State's  total  apportionment 
of  $3,634,132,  leaves  a  balance  of 
$847,317.80  unexpended  funds  to  the 
credit  of  the  State. 

VIRGINIA 

The  Federal-aid  highway  system 
includes  3,233  miles,  of  which  1,182.8 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  132.7 
miles  were  added  during  the  year.  At 
the  close  of  the  year  95.5  miles  were 
under  construction  and  19  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  58.9  miles  of  graded  and 
drained  earth  roads,  212.5  miles  of 
sand-clay,  121.6  miles  of  gravel,  108.6 
miles  of  water-bound  macadam,  303.5 
miles  of  bituminous  macadam,  10.6 
miles  of  bituminous  concrete,  and  364.7 
miles  of  Portland-cement  concrete,  in 
addition  to  which  there  are  bridges  with 
a  total  length  of  2.4  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  was  $27,331,674.40,  of 
which  the  Federal  share  was  $12,756,- 
334.06.  The  disbursement  of  Federal 
funds  to  the  State  was  $1,868,896.29. 
This,  added  to  the  disbursements  made 
during  previous  years  and  subtracted 
from  the  State's  total  apportionment 
of  $14,944,228,  leaves  a  balance  of 
$1,674,225.98  unexpended  funds  to  the 
credit  of  the  State. 

WASHINGTON 

The  Federal-aid  highway  svstem 
includes  2,927.5  miles,  of  which  "722.2 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  53.6 
miles  were  added  during  the  year.  At 
the  close  of  the  year  57.1  miles  were 
under  construction  and  10.1  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  125.8  miles  of  graded 
and  drained  earth  roads.  321.1  miles  of 
gravel,  and  273.2  miles  of  Portland- 
cement  concrete,  in  addition  to  which 
there  are  bridges  with  a  total  length  of 
2.1  miles. 

The  total  cost  of  all  Federal-aid  roads 
completed,  including  14.2  miles  of  stage 
construction,  was  $18,541,646.53,  of 
which  the  Federal  share  was  $8,411,- 
551.95.  The  disbursement  of  Federal 
funds  to  the  State  was  $1,146,672.36. 
This,  added  to  the  disbursements  made 
during  previous  years  and  subtracted 


from  the  State's  total  apportionment 
of  $11,277,308,  leaves  a  balance  of 
$1,792,635.87  unexpended  funds  to  the 
credit  of  the  State. 

WEST  VIRGINIA 

The  Federal-aid  highway  system 
includes  2,000.6  miles,  of  which  474.2 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  59.7 
miles  were  added  during  the  year.  At 
the  close  of  the  year  183.4  miles  were 
under  construction  and  26.9  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  164.8  miles  of  graded 
and  drained  earth  roads,  5.6  miles  of 
sand-clay,  18.2  miles  of  gravel,  4.9 
miles  of  water-bound  macadam,  124.5 
miles  of  bituminous  macadam,  21.3- 
miles  of  bituminous  concrete,  123.1 
miles  of  Portland-cement  concrete,  and 
11.4  miles  of  brick,  in  addition  to  which 
there  are  bridges  with  a  total  length  of 
0.5  mile. 

The  total  cost  of  all  Federal-aid  roads 
completed,  including  21.1  miles  of  stage 
construction,  was  $12,413,729.68,  of 
which  the  Federal  share  was  $5,373,- 
686.14.  The  disbursement  of  Federal 
funds  to  the  State  was  $648,202.63. 
This,  added  to  the  disbursements  made 
during  previous  years  and  subtracted 
from  the  State's  total  apportionment 
of  $8,146,147,  leaves  a  balance  of 
$2,032,300.56  unexpended  funds  to  the 
credit  of  the  State. 

WISCONSIN 

The  Federal-aid  highway  system 
includes  5,493.3  miles,  of  which  1,748.6 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  129.5 
miles  were  added  during  the  year.  At 
the  close  of  the  year  356.4  miles  were 
under  construction  and  19.4  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  206  miles  of  graded  and 
drained  earth  roads,  115.5  miles  of 
sand-clay,  920.8  miles  of  gravel,  2.7 
miles  of  water-bound  macadam,  13.8 
miles  of  bituminous  macadam,  and 
488.5  miles  of  Portland-cement  con- 
crete, in  addition  to  which  there  are 
bridges  with  a  total  length  of  1.4  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed,  including  88.7  miles 
of  stage  construction,  was  $28,360,- 
984.81,  of  which  the  Federal  share  was 
$12,068,823.90.  The  disbursement  of 
Federal  funds  to  the  State  was  $2,357,- 
068.54.  This,  added  to  the  disburse- 
ments made  during  previous  years  and 
subtracted  from  the  State's  total  ap- 
portionment of  $19,309,270,  leaves  a 
balance  of  $5,645,332.47  unexpended 
funds  to  the  credit  of  the  State. 
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WYOMING 

The  Federal-aid  highway  system 
includes  3,097  miles,  of  which  l",350.2 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  125.1 
miles  were  added  during  the  year.  At 
the  close  of  the  year  143.2  miles  were 
under  construction. 

The  mileage  improved  with  Federal 
aid  consists  of  405.6  miles  of  graded 
and  drained  earth  roads,  485.4  miles 
of  sand-clay,  418  miles  of  gravel,  22.1 
miles  of  bituminous  concrete,  and  14.8 
miles  of  Portland-cement  concrete,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  4.1  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed,  including  98.6  miles 
of  stage  construction,  was  $13,684,- 
719.82,  of  which  the  Federal  share  was 


$7,816,311.16.  The  disbursement  of 
Federal  funds  to  the  State  was  $696,- 
804.42.  This,  added  to  the  disburse- 
ments made  during  previous  years  and 
subtracted  from  the  State's 'total  ap- 
portionment of  $9,500,643,  leaves  a 
balance  of  $1,568,534.67  unexpended 
funds  to  the  credit  of  the  State. 

FEDERAL-AID  STATISTICS 

_  Complete  statistics  for  the  Federal- 
aid  roads  completed  during  the  year 
and  during  the  entire  period  since  the 
passage  of  the  Federal-aid  road  act  of 
1916,  with  reference  to  the  mileage 
and  type  of  roads  constructed,  their 
total  cost,  and  Federal-aid  allotments, 
etc.,  are  given  in  Tables  9  to  19,  in- 
clusive. 


Table  Q.— Total  cost,  Federal  aid  and  mileage  of  Federal-aid  roads,  original  and 
stage  construction,  completed  during  the  fiscal  year  1927,  hy  States 


State 


Alabama 

Arizona , 

Arkansas 

California 

Colorado 

Connecticut- 
Delaware 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa. 


Total  cost 


Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts... 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire. 

New  Jersey 

New  Mexico 

New  York 

North  Carohna.. 

North  Dakota 

Ohio. 


Oklahoma 

Oregon 

Pennsylvania... 
Rhode  Island... 
South  Carolina. 
South  Dakota... 

Tennessee. 

Texas 

Utah. 


Vermont 

Virginia 

Washington... 
West  Virginia- 
Wisconsin 

Wyoming 

Hawaii 


$1, 642, 
759, 
2, 380, 
7, 355, 
2, 958, 
1, 634; 

1,  432, 

2,  402, 
8, 318, 
2, 379, 
2, 259, 

4,  " 
6, 495: 
5,610, 
3,191 
2,  624, 
1,91& 

999; 
3, 743 
7,  520, 
7, 248, 
3,319: 
9,  486! 
1, 023, 

5,  929! 
1,  734 

705, 

6, 676, 

792, 

11,175! 
5, 336 
3, 203 
4,431 
3, 326, 
2, 137, 
8, 226, 
1,006, 
2, 259, 
1, 545, 
5,415, 

12,  730, 
1, 127, 
1,211 
3,921 
1. 463 
2, 155, 
3,007, 
1,301 
343! 


397.  27 
421. 93 
855.  89 
463.  61 
510.  73 
561.  20 
385. 36 
385.  61 
990.  63 
468.  83 
678. 01 
996. 16 

281. 14 
039.  92 

460. 09 
942.  63 
182.  04 
532.  55 
211.50 
266.  98 
884.  52 
730.  75 
643.  42 

396. 10 
773.  22 
244.  90 
801.  62 
462.  88 
954.  91 
905.  65 
143.  65 
927.  76 
814.99 
117.61 
788.  85 
260.64 
008.25 
842. 16 
292.  60 

909. 15 
327. 00 
941. 98 
037.  88 
183. 08 
134.  90 
588. 48 
950. 61 
331.  74 
664. 15 


Federal  aid 


Total-- '  182,770,089.53 


$794, 
499, 

1. 132, 
3,71 
1,468, 

417 

620, 
1,133! 
3, 992, 
1,344, 
1,080 
2, 247! 
3, 074, 
2,425! 
1, 350 
1, 229! 

715! 

471 
1, 060, 
3, 153, 

3. 133, 
1, 657, 
4, 152, 

740, 
2,911 
1, 473, 

317 
2,561 

550, 
3,  799, 
2, 127, 
1,  622, 
1,753 
1, 399, 
1, 
2, 712. 

357, 

932; 

809. 
2, 452; 
5,  703 

859; 

516, 
1,783 

628, 

882, 
1, 430, 

838, 
97! 


616. 21 
941.  68 
085.  21 
364.  67 
361.  60 
833.  05 

612.  37 

408. 48 
430.  39 
143.  69 
098. 80 
501. 37 
642.42 
016.  73 
461.54 
355.  95 
412.  65 
467. 05 
946. 19 
877.  40 
529. 11 
054.  77 

613.  71 
036.  65 
147. 90 
599. 53 
313.  41 
536.  50 
442.  63 
425.  96 

764.  59 
360. 21 
398. 02 
083.88 
486.  51 
208. 40 
750. 00 

884. 49 
569.  76 
111.40 
444.94 
078.  73 
577. 19 

765.  41 
642.  49 
257.  48 
427. 17 
829. 53 
440. 00 


Miles 
(original) 


78.3 

68.6 

168.9 

195.6 

166.6 

24.0 

40.2 

65.9 

394.3 

177.0 

76.3 

154.3 

415.6 

361.1 

110.6 

144.7 

59.2 

58.5 

55.0 

165.7 

394.3 

217.8 

281.9 

90.3 

629.9 

230.6 

23.9 

37.2 

69.8 

248.0 

145.9 

576.0 

128.1 

183.0 

93.6 

204.3 

23.9 

102.3 

272.3 

140.1 

602.4 

98.5 

25.3 

132.7 

53.6 

59.7 

129.5 

125. 1 

6.5 


Miles 
(stage) 


4.6 
.4 


17.3 


63.3 
13.1 
2.0 
11.6 
74.3 
.1 
14.6 


25.7 
114.6 


29.6 

62.6 

238.6 

11.0 


37.5 

362.9 

13.4 

10.1 


16.4 
154.4 
19.1 
39.8 


7.8 
32.8 


81, 330, 357.  82 


8, 306. 9 


1, 376. 6 


22 


ANNUAL   KEPOETS   OF   DEPARTMENT   OP   AGRICULTURE 


Table  10. — Total  cost,  Federal  aid  and  mileage  of  Federal-aid  roads  completed 

to  June  SO,  1927,  by  States 


state 

Total  cost 

Federal  aid 

Miles  1 

Alabama                               .             -         -  

$22, 394, 983.  26 

12,  288,  747.  00 
22,  638,  738.  64 
37,  590, 843. 42 
18, 184, 354. 89 

7,  612, 390.  21 
6,  350, 437.  65 
10, 391, 903. 41 
36,  023, 188.  89 
14, 160. 210.  06 
48,  898, 354.  53 
27, 496, 654.  62 
36,  6S6, 963.  96 
40, 056, 652.  74 
24,  510,  594. 46 
16, 906, 801.  67 
10, 663,  734. 80 
11,924,475.65 
22, 960, 8.50.  63 
34,875,126.43 
45, 099,  648.  47 

19,  036,  438.  71 
47,  057,  985.  96 
12,937,675.16 

20,  308,  791.  23 
11,049,750.51 

5,  966,  371. 13 
24, 357, 307. 14 

13,  993, 014.  03 
56,  632, 985. 44 
36, 025,  574. 41 
16, 710,  504. 05 
53,  799, 465.  23 
32, 242,  064.  54 
19,  750,  647.  26 
83,  038, 333. 31 

5, 326, 208. 94 
19, 448, 510. 98 
19,  735,  884.  45 
28,  556,  694.  76 
84, 133,  673.  64 
10, 182, 174.  78 

5, 485, 007. 14 
27, 331,  674. 40 
18,  541, 646.  53 
12, 413,  729.  68 
28,360,984.81 
13, 684,  719. 82 
343, 664. 15 

$10,  678, 040.  69 

6,  750, 136. 37 
9, 675, 983.  97 

18,  275, 993. 48 
9,  269, 990. 10 
2, 691,  696.  71 
2, 402, 277. 97 
5,011,696.35 

17, 101, 498.  97 

7,  669, 247, 11 
22,958,520.84 
13, 147, 848. 20 
15,  507, 575.  57 
1,5,  781, 141.  51 
10,092,978.19 

7,  588, 692.  38 
4,907,920.04 
5,584,458.27 

7,  959, 329.  39 
15, 628, 180.  61 
19, 046, 145.  67 

9,  356, 898.  57 
21, 442,  541.  23 
7, 347,  567.  20 
9,  779, 936.  76 
8, 133, 489.  64 
2,  827, 664.  73 
7, 939, 988. 87 
8, 401,  600.  54 
22,425,513.15 
14, 869,  283.  31 
8,225.349.31 
19, 827, 851. 84 
14, 883, 940. 46 
10, 141, 690.  44 
27, 819, 175.  23 
2, 030, 654.  06 

8,  712, 260. 60 
9, 758, 202. 41 

13,  448, 035.  73 

34, 164,  583. 64 
6,  550, 122.  70 
2,  545, 061.  70 

12, 756, 334.  06 
8, 411, 551. 95 
5, 373. 686. 14 

12, 068, 823. 90 

7, 816, 311. 16 

97,440.00 

1, 494. 0 

Arizona                 -         -  -      -  -  

835.7 

Arkansas           .  .  .  .  .  .  -  ,-  

1,  587. 4 

1, 365. 3 

963.6 

151.1 

Delaware                                               -  

164.5 

Florida                        

315.6 

Georgia             .      .         .  

2, 369. 8 

Idaho          -  .  -      

950.7 

1,543.4 

841.5 

2,  592. 6 

1, 624. 7 

Kentucky 

898.0 

1, 214. 5 

Maine               .  -  

362.8 

481.8 

440.7 

1, 161.  5 

3, 643.  6 

Mississippi                                     - 

1, 376. 7 

Missouri                               ..    -  -  -    

2, 077.  6 

Montana              .      _ 

1, 161. 8 

Nebraska          .  -  

2, 651. 1 

940.7 

268.5 

345.1 

1,  560. 3 

1, 479. 8 

North  Carolina                        -  -      -      -  

1, 489. 0 

2. 851. 7 

Ohio                  

1,  550. 7 

1, 384.  5 

1, 055.  2 

1, 639.  5 

Rhode  Island    

118.2 

South  Carolina                                                  - 

1, 639. 2 

South  Dakota 

2, 618. 1 

Tennessee                   -      -    

975.4 

Texas                               

5, 658. 2 

Utah              -  .  -.- 

721.1 

160.5 

1, 182. 8 

Washington  ..- 

722.2 

West  Virginia                                            -    -    .-  

474.2 

Wisconsin.. 

1, 748. 6 

Wyoming          -           .. 

1, 350. 2 

Hawaii      .  .  

6.5 

Total 

1, 234, 173, 187. 58 

544,884,911.72 

64,209.7 

1  MUeage  is  of  original  improvement  only. 
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Table  11. —  Total  ■program  as  of  June  SO,  1927,  of  -projects  which  have  been  approved 
for  construction,  completed,  and  lender  construction 


State 


Alabama..- 

.\rizona 

Arkansas 

California 

Colorado.- 

Connecticut 

]'>elaware 

Florida. 

Oeorgia— 

Idaho 

Illinois 

Indiana—- -. 

Iowa 

Kansas 

Kentucky 

Louisiana... 

Maine 

Maryland 

Massachusetts.. - 

Michigan 

Minnesota 

Mississippi - 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire- 
New  Jersey- 

New  Mexico 

New  York 

North  Carolina- - 
North  Dakota. -- 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Rhode  Island 

South  Carolina- - 
South  Dakota... 

Tennessee 

Texas 

Utah 

Vermont 

Virginia. 

Washington 

West  Virginia 

Wisconsin 

Wyoming 

Hawaii 


Total- 


Total  cost 

Federal  aid 

Miles' 

$26, 892, 327.  66 

1 

i      $12,874,711.93 

1,  795.  8 

1.3,  573,  502.  27 

,          7,756,017.18 

882.6 

26,169,062.71 

1        11,195,836.69 

1,791.5 

42,652,152.33 

20. 449,  769.  87 

1,462.2 

21,824,043.72 

11,028,895.64 

1,108.0 

12,958,034.68 

4, 212, 119.  89 

214.2 

7, 397,  224.  63 

2,  791,  815.  99 

203.4 

17,523,370.46 

7,  923,  638.  69 

465.6 

40,  239, 287.  71 

i        19,190,898.09 

2,  507.  6 

16, 092, 498.  85 

8,  855,  522.  04 

1,043.9 

64,033,039.12 

\        .30,283,916.57 

2, 073.  6 

41,  337,  877.  45 

19,752,019.30 

1, 278.  2 

50, 125,  904.  34 

21,380,719.11 

3,093.1 

53, 458,  554.  93 

'        21,056,443.28 

2, 346.  8 

33, 447,  506.  06 

;        14,  .346,  680. 12 

1,334.2 

21, 139, 869.  20 

9, 338, 158.  64 

1, 320.  5 

13,  539,  961. 13 

5,  895,  203. 10 

438.0 

13,992,821.63 

0,  472,  923.  91 

578. 3 

26,  830, 477.  C4 

9, 001,  408.  84 

505.  6 

45, 044, 065.  43 

20,321,953.34 

1, 475.  8 

52,  696, 131.  59 

21,162,044.57 

4. 032.  9 

25,  857,  554.  89 

12,658,131.29 

1,743.0 

5.3, 105, 121.  82 

24,  202,  844.  57 

2, 280. 0 

17,727,900.08 

10, 589, 158. 05 

1,  587.  3 

31, 151,  224.  65 

15,147,880.43 

3,  718.  3 

11,941,462.47 

8,  903.  528. 35 

1.036.3 

7,  247, 059.  04 

3,392,317.74 

304.4 

30, 186,  703.  57 

9, 284,  383.  04 

433.5 

16,  675, 155. 12 

10,  524, 013.  28 

1,  738.  8 

102,623,971.44 

33,  579,  477. 10 

2,174.7 

39,421,25.3.17 

16,464,798.83 

1,  584.  5 

22,  962, 132. 22 

11, 503,  422.  80 

3,  775.  3 

65,  061,  641.  92 

24,142,358.08 

1, 870. 1 

35,  443,  999.  66 

16,  317,  269. 06 

1, 590.  8 

22,081,219.74 

11,343,219.92 

1,127.3 

97, 156,  742.  34 

32, 454,  985.  56 

1,921.6 

7, 098,  907.  42 

2,  489,  872.  80 

147.9 

24, 037,  642.  52 

10,455,890.20 

1,  827. 1 

23,  540, 214.  78 

11,814,303.22 

3,  258. 0 

33, 075,  863.  23 

15, 166, 144.  62 

1, 094.  4 

94,  658,  795.  27 

38,917,998.81 

6. 056.  2 

12, 053, 483.  28 

7,  954,  338.  21 

840.0 

8,381,603.22 

3, 591, 524. 14 

221.8 

32, 600, 170.  83 

14,  869,  554.  36 

1, 297.  3 

22, 112,  456. 42 

10.062,151.95 

789.4 

18,  280, 061.  74 

7,  833,  676.  68 

684.5 

38,423,174.53 

16,  748,  937.  70 

2,124.4 

15,055,365.96 

8,  696, 364.  00 

1, 493.  4 

2, 129,  988. 04 

659,  8G2.  64 

36.2 

1,551,058,642.91 

675. 059, 044.  82 

76,  708. 3 

'  Mileage  is  of  original  improvement  only. 
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Table  12. — Mileage  of  Federal-aid  roads  completed  during  the  fiscal  year  1927 

by  types  of  construction 


State 

Graded 

and 
drained 

Sand- 
clay 

Gravel 

Water- 
bound 
mac- 
adam 

Bitu- 
minous 
mac- 
adam 

Bitu- 
minous 
con- 
crete 

Port- 
land- 
cement 
con- 
crete 

Brick 

Bridges 

Total 

Alabama 

44.0 
27.5 

0.4 
9.2 

12.3 

27.7 
140.3 
68.1 
54.4 
.2 

6.7 
4.0 
7.9 
18.6 

14.4 

0.4 
.3 
1.6 
2.2 
1.7 
.3 

78.3 

Arizona 

68.6 

Arkansas 

.2 
.6 

14.8 
7.3 

4.0 

61.4 

22.6 

23.6 

35.2 

22.2 

31.9 

2.9 

76.3 

104.8 

54.4 

39.7 

8.5 

7.1 

12.1 

8.1 

24.4 

141.3 

115.2 

35.9 

201.8 

168.9 

California      

37.2 
59.2 

'""28."8" 

195.6 

Colorado 

166.6 

Connecticut    

24.0 

Delaware 

5.0 
-6.9 
24.7 

40.2 

Florida  i 

9.8 
90.3 
63.2 

""ilh'.l 

6.0 

21.8 

77.7 
86.7 

"'"i7."4' 

18.5 
""i7."3" 

.4 

2.2 

.9 

65.9 

Georgia 

394.3 

Idaho.    --  

177.0 

Illinois 

76.3 

3.0 

283.6 

249.5 

85.6 

21.8 

45.1 

"n.l' 

1.4 
1.0 

6.7 
.4 

.7 

154.3 

Iowa 

'"23.T 

76.5 

17.3 

2.5 

115.1 

29.3 

415.6 

Kansas 

13.1 
13.6 

361.1 

Kentucky 

110.6 

Louisiana.  

144.7 

Maine 

17.9 
45.8 
28.5 

........ 

59.2 

Maryland    

58.5 

Massachusetts.-  ... 

.2 



1.8 
.4 

55.0 

Michigan.   

.4 
143.0 
77.5 
46.1 
4.1 
103.6 
3.5 

"286.'7' 

23.6 

131.3 

103.0 

19.8 

85.8 

229.7 

220.9 

2.7 

165.9 

Minnesota 

4.8 
.3 

394.3 

Mississippi     . 

"\2.l' 

.i 

1.7 
.1 

2.1 

1.2 
.1 

1.6 
.3 

217.8 

Missouri 

281.9 

90.3 

Nebraska 

.7 

7.4 

629.9 

Nevada 

"""7.T 

5.0 

8.6 

230. 6 

New  Hampshire.   .. 

2.6 

2.6 

31.0 

-6.3 

200.3 

115.8 

1.6 

60.7 

30.5 

8.4 

147.3 

14.1 

9.9 

23.9 

New  Jersey 

4.6 

17.6 

2.4 

9.0 

407.8 

7.6 

126.5 

15.9 

56.9 

37.2 

New  Mexico  ' 

58.1 
14.2 

69.8 

24.4 

6.7 

21.0 

.6 

5:7 

13.9 

248.0 

'i5.'9' 

.2 
3.9 

.6 
2.1 

.5 

145.9 

North  Dakota 

Ohio 

23.5 

137.6 

1.0 
20.7 

""i6."9" 

576.0 
128.1 

Oklahoma 

9.9 
68.9 

183.0 

Oregon 

93.6 

Pennsylvania 

Rhode  Island  ' 

204.3 

-.1 
2.9 

.9 

9.6 
7.4 

23.9 

South  Carolina 

South  Dakota 

6.4 

168.3 

60.8 

211.7 

71.6 

1.0 
103.7 

3.1 
.1 

102.3 
272.3 

14.5 
149.1 

5.8 
-1.1 

58.9 
100.9 

.1 

140.1 

Texas'. 

104.6 

98.4 

12.8 

7.7 

9.7 

36.4 

1.1 

602.4 

Utah 

.1 
2.2 

98.5 

Vermont 

5.2 
54.6 

5.1 
52.1 

26.8 
32.8 
54.7 

25.3 

Virginia       .. 

7.1 
17.0 

7.4 

10.3 

::::::      s 

I     .1 

132.7 

53.6 

14.5 
4.2 

5.0 

59.7 

Wisconsin 

69.5 
66.7 



1.3 
.1 

129.5 

Wyoming 

57.2 

1.0 

125.1 

Hawaii 

6.5 

6.5 



Total     ... 

2, 537. 1 

612.1 

2, 309.  5 

137.1 

462.7 

159.9 

2,002.7 

39.8 

45.9 

8,306.9 

1  Negative  figures  caused  by  revision  of  records  when  final  vouchers  were  paid  on  projects  the  type  of 
which  was  changed  after  ratification  of  project  agreement. 
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Table  13. — Mileage  of  Federal-aid  roads  completed  to  June  30,  1927,  by  types  of 

construction 


State 

Graded 

and 
drained 

Sand- 
clay 

Gravel 

Water- 
bound 
mac- 
adam 

Bitu- 
minous 
mac- 
adam 

Bitu- 
minous 
con- 
crete 

Port- 
land- 
cement 
con- 
crete 

Brick 

Bridges 

Total 

AlahaTTia 

72.3 
124.2 

413.2 
131.4 
-    3.0 

"i65."7" 

780.9 
428.2 
1,059.5 
348.5 
409.0 
.2 

11.6 
14.2 
48.4 
18.6 

53.2 

'""98."9' 
63.1 

87.5 
26.6 
256.3 
85.9 
4.0 

71.9 

108.5 

118.2 

530.0 

207.3 

114.9 

153.1 

103.9 

275.2 

35.9 

1, 394. 4 

702.3 

514.0 

479.3 

126.9 

10.7 

51.4 

276.0 

168.2 

727.7 

483.9 

133.1 

757.7 

31.3 

55.0 

44.9 

7.7 

310.1 

70.1 

1, 096.  0 

498.3 

4.7 

539.9 

443.0 

99.8 

1,414.2 

51.6 

81.4 

1.2 

211.2 

509.2 

91.6 

21.2 

364.7 

273.2 

123.1 

488.5 

14.8 

"6."2" 

10.1 

.5 

Is.l" 

"22.'o' 

134.4 

3.9 

3.3 

2.6 
3.3 
4.9 
6.0 

.3 

.2 
3.0 
25.2 
2.0 
1.4 
2.9 
1.2 
9.2 

.6 
3.5 

.2 

1, 494. 0 

835.7 

1,  587. 4 

California       .    .  .. 

314.0 
231.  7 

1, 365.  3 

963.6 

8.7 

5.0 

18.5 

73.1 

4.3 

27.1 

151.1 

164.5 

Florida 

9.8 

166.  Q 

228.7 

110.4 

17.0 

1, 469. 0 

562.1 

411.2 

25.2 

21.1 

1,257.7 

22.7 

34.8 
423.3 
591.4 

72.7 

123.1 

4.9 

3.3 

17.0 

41.8 
25.9 
61.0 
8.1 
12.0 

315.6 

2, 369. 8 

Idaho 

950.7 

1,  543. 4 

"'135^7' 

33.5 
586.4 
198.0 
160.6 
1, 152. 1 
156.0 
31.5 

56.7 

841.5 

Iowa 

2,  592.  6 

Kansas             

4.5 

41.4 

3.2 

... 

3.5 
18.9 

97.7 
153.4 
9.5 
155.3 
152.6 
227.7 

10.4 

3.4 

'"'io.l' 
"'i7.'o" 

36.8 
73.5 
32.6 

9.5 
17.8 

2.8 
11.0 

2.0 

32.6 

21.9 

.7 

11.5 

249.4 

1.9 
93.8 
78.4 
52.9 
101.2 
47.3 
89.0 

1, 624.  7 

Kentucky    

898.0 

1, 214.  5 

Maine 

362.8 

4.7 

481.8 

Massachusetts.. 

...... 

"9."2' 
20.9 

"i¥.T 
...... 

444.'9' 
8.9 

"26.'4' 

4.3 

.4 

.6 

.6 

9.1 

2.5 

5.3 

3.3 

2.6 

2.3 

1.6 

1.5 

2.1 

6.0 

.7 

11.5 

2.8 

440.7 

Michigan 

.5 
490.0 
213.9 
340.0 
213.1 
922.9 
40.6 

"""6."2" 
21.5 

""I'.l' 
764.6 
26.4 

329.9 

2,  630. 1 

976.6 

867.4 

883.7 

873.7 

792.  9 

99.1 

3.8 

1,239.4 

22.8 

70.9 

1, 354. 3 

6.7 

605.6 

728.0 

1, 161.  5 

3,  643.  5 

Mississippi     

11.1 
13.4 
16.0 

1.0 

50.9 

6.9 

1, 376. 7 

Missouri 

Montana 

2,077.6 
1, 161. 8 

2, 651. 1 

Nevada  

10.2 
53.8 

20.6 
72.5 

940.7 

New  Hampshire 

268.5 

New  Jersey 

6.2 
243.4 
2.4 
89.6 
1, 458. 6 
41.2 
219.8 
145.3 
89.7 

.8 
5.1 

""52i."i" 
25.1 

"""2.T 

345.1 

New  Mexico    

1,  560. 3 

New  York 

""i9."6" 

1.0 

103.3 

6.3 

25.6 

345.1 
37.9 

"mi' 

8.4 
.8 
7.8 
17.4 
3.0 

1, 479. 8 

North  Carolina 

North  Dakota. 

Ohio -  . 

1, 489. 0 
2, 851.  7 
1,  550.  7 

Oklahoma       

1, 384.  5 

Oregon.- 

1, 055. 2 

Pfinnsylvania 

1,  639.  5 

Rhode  Island      

1.8 
8.9 

118.2 

South  Carolina 

40.5 
495.1 
149.4 
795.0 

94.3 

1, 289.  6 
18.2 

41.7 

115.6 
2, 101.  5 

117.0 
2, 963.  0 

472.1 
99.8 

121.6 

321.1 
18.2 

920.8 

418.0 

.2 
"29.'2' 

'ii.T 

10.9 
2.1 
1.6 
8.0 
1.7 
5.8 
2.4 
2.1 
.5 
1.4 
4.1 

1,  639. 2 

2,  618. 1 

Tonnfisspft         .    . 

52.2 

527.0 

9.3 

3.5 

108.6 

416.2 

622.4 

.7 

30.1 

303.5 

27.7 

120.6 

9.9 

'"io.l" 

975.4 

Texas 

5,  658. 2 

Utah - 

721.1 

Vermont.. 

160.5 

Virginia     ■ _- 

58.9 
125.8 
164.8 
206.0 
405.6 

212.5 

'"'I'.h' 

115.5 
485.4 

1, 182.  8 

Washington    

722.2 

West  Virginia 

Wisconsin... 

4.9 
2.7 

124.5 
13.8 

21.3 
"'22.'i' 

474.2 
1, 748.  6 

Wyoming 

1, 350. 2 

Hawaii 

6.5 

6.5 

Total        

10, 798.  9 

5, 721. 7 

25,  547.  5 

1, 309.  9 

3, 680.  0 

1, 818. 9 

14,391.2 

773.8 

167.6 

64, 209.  7 
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Table  14. — Mileage  of  Federal-aid  roads  under  construction  on  June  30,  1927 ,  by 

types  of  construction 


State 

Graded 

and 
drained 

Sand- 
clay 

Gravel 

Water- 
bound 
mac- 
adam 

Bitu- 
minous 

mac- 
adam 

Bitu- 
minous 
con- 
crete 

Port- 
land- 
cement 
con- 
crete 

Brick 

Bridges 

Total 

Alabama            .    . 

102.1 

87.6 
11.6 

87.0 

14.1 

120.7 

21.2 

57.7 

21.1 

1.7 

.4 

1.2 

23.8 

38.6 

38.4 

27.6 

11.5 

23.5 

3.4 

292.4 

345.6 

228.5 

104.0 

39.0 

12.9 

30.3 

18.4 

17.9 

199.5 

9.4 

33.4 

74.4 

"6."2' 
11.0 

"22.I' 

0.5 

1.7 

1.1 

.8 

1.0 

3.5 

.3 

4.3 

.6 

.6 

.4 

.6 

.3 

4.1 

.4 

2.2 

1.2 

299  9 

Arizona 

27.8 

Arkansas     .  

44.1 
30.4 
33.1 

""O" 

17.6 

'""6.T 

184.7 

California 

92.4 

Colorado 

141.5 

Connecticut     

8.2 

50.1 

Delaware 

27.9 

Florida 

56.5 

69.7 

8.8 

44.4 

10.7 

160.7 

337.3 

256.8 

22.9 

16.2 

6.8 

23.4 

7.5 

13.9 

""7.'8" 

125.8 

Georgia 

19.8 

9.7 
63.4 

137.5 

Idaho.. 

83.9 

Illinois.. 

343.4 

Indiana 

367.9 

Iowa 

"li.l" 

67.1 
28.1 
30.9 
43.4 
36.1 

456.6 

Kansas. 

Kentucky 

Louisiana 

27.8 
66.3 

""23."r 

""I'.l' 

555.1 
393.4 
105.1 

Maine 

1.9 
11.5 
34.1 

69.6 

Maryland... 

29.9 

Massachusetts.. 

0.5 
42.7 
6.2 
120.1 
3.4 
114.0 
101.1 
95.6 

"".b 

.3 
1.9 

.1 
2.2 

62.6 

Michigan 

43.9 
354.4 
144.8 

56.1 

4.3 

224.1 



"559."8" 

288.0 

Minnesota 

370.0 

Mississippi     

301. 1 

Missouri- 

134.0 

Montana 

.8 

.5 
.4 

119.6 

Nebraska 

.2 

14.9 

900.6 

Nevada 

95.6 

New  Hampshire 

11.7 

8.9 

4.2 
79.7 

8.6 

445.5 

58.1 

2.2 

27.1 

New  Jersey 

2.8 
70.7 
52.0 

82.5 

New  Mexico 

98.2 
28.0 

1.0 
.4 
.6 
.6 
1.8 
1.3 
.3 
.1 

178.5 

New  York-   . 

13.3 

539.3 

North  Carohna 

58.7 

North  Dakota.   

571.2 
44.0 

106.2 
57.0 
44.1 

2.5 

28.6 

602.8 

Ohio.. 

28.4 

74.6 

131.8 
27.2 

18.1 

298  6 

Oklahoma... 

134.8 

Oregon 

4.8 

62.2 

Pennsylvania.- 

22.9 
15.1 

""i.'o" 

150.7 
5.3 
25.3 
15.7 
27.3 
48.8 

217.9 

Rhode  Island 

20.4 

South  Carolina- 

8.8 

379.9 

65.3 

133.3 

105.8 

18.5 
112.3 

6.8 
50.7 
80.5 

1.1 

5.7 
.5 
1.4 
1.7 
.8 
.4 
1.2 
1.9 
1.2 
1.7 
.4 

165.0 

South  Dakota 

508.4 

Tennessee       .  . 

"""'5."9' 

12.6 
102.9 

5.6 



119  0 

Texas 

343  3 

Utah 

81.3 

Vermont 

15.2  1 - 

11.5  I - 

17.2 
82.8 

33.9 

Virginia    

95.5 

Washington 

27.7 

112.5 

8.4 

122.4 

"""8."  2" 

27.5 

5.4 

192.9 

15.3 

57  1 

West  Virginia 

Wisconsin - 

25.1 

19.3 

19.9 

145.3 

5.2 

15.9 

183.4 
356.4 

Wyoming..- -.- 

143.2 

Hawaii- 

13.8  j--- 

29.7 

Total- 

3,811.4 

837.8 

1,  733.  5 

87.8 

527.1 

87.7 

2, 905.  2 

58.3 

54.2 

10  103  0 
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Table  15. — -Mileage   of   Federal-aid    roads    approved  for    construction    on    June 

SO,  1927 


State 

Graded 

and 
drained 

Sand- 
clay 

Gravel 

Water- 
bound 
mac- 
adam 

Bitu- 
minous 

mac- 
adam 

Bitu- 
minous 
con- 
crete 

Port- 
land- 
cement 
con- 
crete 

Brick 

Bridges 

Total 

Alabama             

1.8 
19.0 

0.1 

.1 
2.4 

1.9 

Arizona 

19.1 

Arkansas 

15.6 

1.4 

19.4 

California 

4.5 

4.5 

Colorado  .       

2.9 

2.9 

Connecticut 

12.7 

.3 

13.0 

Delaware 

5.7 

5.3 
23.8 

11.0 

Florida... 

.4 

24.2 

Georgia 

.3 

.3 

Idaho 

2.2 
37.5 



6.7 

.4 
.2 

9.3 

lUinois 

149.2 
68.8 
39.5 
10.5 

187.0 

Indiana  .  .  . 

68.8 

Iowa... 

3.4 

77.4 
38.6 

1.2 

44.1 

Kansas 

51.  2         27. 4 

.5 
.2 
.9 

167.0 

Kentucky 



4.0 

42.8 

Louisiana . 

.9 

Maine 

5.6 

5.6 

Maryland 

38.9 

27.7 
2.3 
22.9 

66.6 

Massachusetts 

2.3 

Michigan          . 

3.2 

.2 

26.3 

Minnesota 

19.4 
39.0 

28.7 
28.5 
40.9 

19.4 

Mississippi 



24.2 

2.0 
39.5 

65.2 

Missouri. 

.2 
1.3 
1.2 

68.4 

Montana     .    

"ii9."2' 

255.5 
2.5 

20.6 

305.9 

Nebraska 

2.8 

1.8 

5.9 

131.5 

36.8 

166.6 

New  Hampshire 

.9 

6.1 

8.8 

New  Jersey 

5.9 

New  York 

10.9 

13.2 

155.6 

North  Carolina 

36.8 

North  Dakota 

306.3 
3.1 
65.3 
9.9 
3.4 

14.4 

.1 

2 

!l 

320.8 

Ohio 

2.3 

15.0 
6.1 

0.2 

20.8 

Oklahoma 

71.5 

Oregon 

9.9 

Pennsylvania 

59.9 
5.8 
3.4 

.9 

64.2 

Rhode  Island 

3.5 

""ii.l" 

9.3 

South  Carolina     .  . 

8.0 
115.6 
34.9 

22.9 

South  Dakota 

15.7 
7.2 

37.6 

5.7 

.2 

.2 

131.5 

Texas 

9.1 

.9 

2.5 

54.7 

Utah 

.1 
.2 
.1 

37.6 

Vermont 

4.3 

17.3 
18.7 

3.6 
15.3 

9.7 

27.4 

Virginia 

19.0 

Washington 

6.5 
5.7 

10.1 

"West  Virginia 

5.9 
9.7 

26.9 

Wisconsin. 

19.4 

Total        ..  . 

889.9 

191.2 

442.2 

32.9 

100.0 

16.0 

712.9 

.2 

10.3 

2, 395.  6 
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Table   1Q.— Mileage  of  stage  construction  completed  during  fiscal  year  1927,  by 

types  of  construction 


Graded 
State                           and 
drained 

Gravel 

Water- 
bound 

macadam 

Bitumi- 
nous mac- 
adam 

Bitumi- 
nous 
concrete 

Portland- 
cement 
concrete 

Total 

Alabama 

4.6 

4  6 

Arizona 

0.4 

4 

California 

17.3 

34.7 

.2 

2.0 

17  3 

Georgia. 

8.8 

9.8 
4.9 

10.0 
8.0 

63  3 

Idaho _ 

13  1 

Illinois. 

2  0 

Indiana... 

11.6 

11  6 

Iowa 

54.4 

19.8 
.1 
14.6 
25.7 
33.2 
26.9 

74.3 

Kansas.. 

.1 

Kentucky 

14.6 

Michigan 

25  7 

Minnesota 

81.4 

2.7 

62.6 

206.1 

11.0 

114  6 

Missouri 

29  6 

Montana 

62  6 

Nebraska 

21.0 

.1 

11.5 

238  6 

Nevada 

11  0 

North  Carolina 

8.6 

28.9 
.1 

6.7 
10.1 

3.4 

37  5 

North  Dakota 

362.8 
6.7 

362  9 

Ohio 

13  4 

Oklahoma 

10  1 

South  Carolina 

12.0 

15.4 

South  Dakota 

154.4 

154.4 

Tennessee 

19.1 
22.5 

19.1 

Texas 

6.5 

7.8 

32.8 

10.9 

39.8 

7.8 

Wyoming 

32.8 

Total 

21.0 

989.6 

20.3 

25.6 

38.7 

281.4 

1,376.6 

Table  17.- — Mileage  of  projects  on  which  stage  construction  was  in  progress  on 

June  30,  1927 


State 

Graded 

and 
drained 

Sand- 
clay 

Gravel 

Water- 
bound 
mac- 
adam 

Bitu- 
minous 
mac- 
adam 

Bitu- 
minous 
con- 
crete 

Port- 
land- 
cement 
concrete 

Brick 

Total 

Alabama 

1.9 

1.9 

Colorado. 

9.1 

9.1 

Delaware 

1.8 
40.0. 

1.8 

Georgia... 

40.0 

Idaho 

15.5 

15.5 

Iowa 

85.1 

81.3 
4.1 

166.4 

Kansas 

3.5 

7.6 

Kentucky 

4.1 

4.1 

Minnesota 

.  . 

3.9 

111.8 
14.8 
16.4 

115.7 

Mississippi 

14.8 

Missouri .,. 

9.9 

3.0 

1.6 

3.5 

118.5 

29.3 

Montana    

4.1 

1 

5.7 

Nebraska    

307.3 

[ 

33.4 

344.1 

Nnrt-h  Dakota 

118.5 

Ohio 

3.4 
12.2 

.8 

4.2 

Oklahoma 

12,2 

Oregon 

32.6 

32,6 

South  Carolina 

13.0 

13.0 

South  Dakota 

38.2 

38.2 

Tennessee 

27.5 
18.2 

27.5 

Texas 

14.2 

103.0 
4.0 

4.4 

139.7 

West  Virginia 

4.0 

Wisconsin 

4.5 
32.2 

30.7 

35.2 

Wyoming      ..  . 

32.2 

Total 

9.9 

310.8  1    323.1 

18.3 

111.1 

29.0 

410.3 

.8 

1,  213. 3 
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state 

Mileage  of 
Federal-aid 

system 
approved  to 
June  30,  1927 

Federal-aid 
mileage 

completed 
during 

fiscal  year 

Federal-aid 

mileage 

completed 

to  June  30, 

1927 

3, 884.  0 
1, 498.  0 
5, 021. 1 

4,  771.  5 

3,  332.  0 
835.4 
415.8 

1, 926.  0 

5,  558.  4 

2,  770.  0 
6, 616.  8 

4,  701.  5 
7,  212.  0 
7, 892.  0 

3,  702.  5 

2,  722.  8 
1, 393.  5 
1,  503.  7 
1, 308.  0 

5,  235.  0 

6,  849.  6 

3,  604.  0 
7, 530.  0 

4,  665.  0 

5,  569. 1 
1,  398.  0 

980.9 
1, 198.  3 
3, 298.  0 
5, 018.  0 
3, 860.  8 
7, 194.  0 
5, 899.  3 
5,  528. 0 
2, 814.  0 

4,  602. 1 
356.9 

3, 230.  0 

5,  747.  0 
3,  252. 8 

11, 404.  7 
1,  677. 3 

1,  043.  0 
3, 233.  0 

2,  927.  5 
2,  000.  6 
5, 493. 3 
3, 097.  0 

78.3 

68.6 

168.9 

195.  6 

166.6 

24.0 

40.2 

65.9 

394.3 

177.0 

76.3 

154.3 

415.6 

361.1 

110.6 

144.7 

59.2 

58.5 

55.0 

165.9 

394.3 

217.8 

281.9 

90.3 

629.9 

230.6 

23.9 

37.2 

69.8 

248.0 

145.9 

576.0 

128.1 

183.0 

93.6 

204.3 

23.9 

102.  3 

272.3 

140.1 

602.4 

98.5 

25.3 

132.7 

53.6 

59.7 

129.5 

125.1 

6.5 

1, 494. 0 

835.7 

1,  587. 4 

1, 365. 3 

963.6 

Connecticut      .    ..        .. • 

151.1 

164.5 

Florida 

315.6 

2,369.8 

Idaho     .. 

950.7 

1,  543. 4 

841.5 

Iowa 

2, 592.  6 

Kansas 

1, 624. 7 

Kentucky.  

898.0 

1, 214.  5 

362.8 

Maryland      . 

481.8 

440.7 

1, 161.  5 

3, 643. 5 

Mississippi  .        ..    .  .  .  .     ,. 

1, 376.  7 

2, 077. 6 

Montana 

1, 161. 8 

2, 651. 1 

Nevada 

940.7 

268.5 

New  Jersey 

345.1 

New  Mexico 

1,  560. 3 

New  York 

1, 479.  8 

1, 489.  0 

North  Dakota 

2, 851.  7 

1, 550.  7 

Oklahoma 

1,  384.  5 

1,  055.  2 

Pennsylvania .. 

1, 639.  5 

118.2 

South  Carolina 

1, 639.  2 

2, 618. 1 

Tennessee . 

975.4 

5,  658.  2 

Utah 

721.1 

160.  £ 

Virginia , 

1, 182. 8 

722.2 

West  Virginia 

474.2 

Wisconsin 

1,  748. 6 

Wyoming 

1, 350.  2 

6.5 

Tot£ll 

185,  772.  2 

8, 306.  9 

64,  209.  7 
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Table   19. — Federal-aid  apportionments  to  States,  expenditures,  and  balances,  as 

of  June  SO,  1927 


States 


Alabama 

Arizona.. 

Arkansas 

California- 

Colorado 

Connecticut 

Delaware 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa. 

Kansas 

Kentucky , 

Louisiana 

Maine 

Maryland 

Massachusetts.. 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina.. 
North  Dakota... 

Ohio 

Oklahoma 

Oregon.. 

Pennsylvania... 

Rhode  Island 

South  Carolina.. 
South  Dakota_- 

Tennessee.' 

Texas 

Utah - 

Vermont 

Virginia 

Washington 

West  Virginia. - 

Wisconsin 

Wyohiing 

Hawaii 

Total 


Apportionments 


$15 
10, 
12, 

24: 
13: 

4, 
2 

a 

2o; 

9, 
32. 

2o; 

21 
21 
14 
10, 
7, 
6, 
11 
22, 
21 
13. 
25. 
14: 
16, 
9 
3 

9: 

12 

37. 

17, 

11 

28. 

1 

12, 

34, 

3. 
10. 
12, 
16, 
45, 

8, 

3, 
14, 
11 

8, 

19: 


675.  00 
243.  00 
700.  00 
252.  00 
332. 00 
366.00 
683. 00 
405.  00 
162.  00 
820.  00 
627.  00 
127. 00 
562. 00 
943. 00 
756.  00 
716.  00 
622.  00 
176. 00 
826. 00 
056.  00 
521.  00 
897.  00 
611.  00 
384.  00 
373.  00 
725.  00 
117.  00 
031.  00 
149.  00 
412.  00 
562.  00 
610.  00 
005.  00 
678.  00 
549. 00 
516.  00 
194.  00 
512. 00 
854.  00 
357.  00 
703. 00 
685.  00 
132. 00 
228.  00 
308.  00 
147.  00 
270.  00 
643.  00 
778.  00 


E.xpenditures 


744,  500,  000. 00 


$11, 125, 
6,  980 

10,  089: 
19,  099: 

9,  418. 
2, 966. 
2, 367, 

6,  283, 
17,  975: 

7, 924 
24, 974: 
15,  560: 
16, 647, 
17,  402; 

11,  330 
8, 158, 
5,  385 
5,7 

7,  593, 
17,  355, 
19,  523, 

10,  709, 
20, 896 

7,  777: 

11,  234 

8,  577, 
2, 906, 
7,  495, 
8, 985, 

25,  044 
15,316, 
9, 330, 
21,  753 
14, 999: 

10, 749: 

28,  608 

2. 025: 

9.43 

10, 444, 

13,  870: 

36, 121 

6,858 

2,  786, 

13,  270, 

9, 484, 

6, 113: 

13,  663 

7,932 

321 


402.  51 
384.  61 
256.  29 
020.  27 
994.  91 
704.  26 
415.  41 
048.  37 
400.  90 
889.  57 
208.  95 
764.  82 
810.  85 
790.  48 
190.  92 
528.  87 
074.  63 
203.  88 
592.  97 
453.  04 
215.  55 
299.  33 
412.  65 
595.  32 
189.  87 
014. 05 
382.  08 
364.48 
251.  20 
440.  67 
377.  52 
969.  92 
059.  40 
664.  74 
871.  72 
232.  22 
415. 30 
757. 33 
848.  97 
889.  36 
317.  50 
844.71 
814.  20 
002. 02 
672. 13 
846.44 
937.  53 
108.  33 
617.  71 


Balances 
unexpended 


580,  671,  548.  76 


,  272. 49 
,  858.  39 
,  443.  71 
,  231.  73 
,  337.  09 
,  661.  74 
:,  267.  59 
,  356.  63 
,  761. 10 
,  930. 43 
:,  418.  05 
1, 362. 18 
,  751. 15 
>,  152.  52 
\  565.  08 
,  187. 13 
',  547.  37 
,  972. 12 
,  233.  03 
,  602.  96 
,  305.  45 
,  597.  67 
,  198.  35 
i,  788.  68 
1, 183. 13 
,  710.  95 
,  734. 92 
,  666.  52 
,  897.  80 
,  971.  33 
,  184.  48 
:,  640.  08 
,  945.  60 
,  013.  26 
,  677.  28 
,  283.  78 
,  778.  70 
,  754.  67 
,  005.  03 
,  467.  64 
,  385.  60 
,  840.  29 
,  317.  80 
,  225. 98 
.,  635.  87 
;,  300.  56 
,  332.  47 
,  534.  67 
,  160.  29 


163,  828, 451.  24 


NATIONAL-FOREST  ROAD  CONSTRUCTION 

The  systems  of  forest  roads  in  the 
several  States  have  been  increased  by 
new  designations  during  the  year  and 
now  include  13,842  miles,  of  which 
11,522  miles  are  in  the  11  States  of  the 
Mountain  and  Pacific  groups  and  the 
Territory  of  Alaska.  As  previously 
reported,  all  appropriations  for  forest- 
road  construction  are  being  expended 
upon  these  systems. 

As  shown  by  Table  20,  the  mileage 
of  class  1  highways,  upon  which  it  is 
planned  to  expend  until  they  are  com- 
pleted approximately   70  per  cent   of 


each  annual  appropriation  is  now  1,079 
miles,  of  which  833  miles  are  in  the 
Western  States.  These  are  the  more 
important  highways  which  are  neces- 
sary sections  or  extensions  of  the 
Federal-aid  system  wholly  within  the 
forest  areas.  The  class  2  highways, 
which  also  extend  the  Federal-aid  sys- 
tem, are  increased  by  the  recent  addi- 
tions to  a  total  mileage  of  7,060,  of 
which  6,687  miles  are  in  the  West,  and 
the  class  3  highways — those  that  serve 
principally  the  communities  within  the 
forests — now  aggregate  5,703  miles, 
of  which  4,002  miles  are  in  the  11  West- 
ern States  and  Alaska. 
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Table  20. — Classified  mileage  of  forest 
highway  system  in  several  States 


Mileage  of  forest  highway  system 

State 

Class  1 

Class  2 

Class  3 

Total 

Western: 

Alaska. 

Miles 

Miles 

Miles 
373.6 
248.0 
757.0 
527.0 
351.1 
377.0 
94.0 

199.0 
445.0 
299.0 
181.9 
149.0 

Miles 
373.6 

Arizona 

California.. - 
Colorado 

174.0 
322.9 

499.0 
995.6 
1,243.0 
738.1 
660.0 
366.0 

211.0 
872.4 
457.9 
263.7 
380.0 

921.0 
2,075.5 
1, 770. 0 

Idaho       



1, 089.  2 

Montana 

Nevada 

New     Mex- 
ico 1- 

Oregon  i 

Utah 

Washington. 
Wyoming- . . 

i45.6 

115.0 
58.0 

"'Ha' 

1, 182. 0 
460.0 

525.0 
1, 375. 4 
756.9 
464.0 
529.0 

Total 

833.3 

6,686.7 

4,001.6 

11,521.6 

Eastern: 

Alabama 

46.5 

20.0 

106.0 

115.0 

6.0 

11.0 

55.0 

142.0 

25.0 

62.5 
5.5 

199.0 
33.0 

166.0 

46.6 

Arkansas 

Florida 

Georgia 

Kentucky... 

131.0 
3.0 
18.0 

51.0 
13.0 

'""6."6' 

202.0 

122.0 

133.0 

12.0 

Maine    . 

11.0 

Michigan       ! 

55.0 

Minnesota. -1 

38.5 

180.5 

Nebraska  .. 

25.0 

New  Hamp- 
shire  

New  Jersey.. 

1. 

18.3 

15.5 
3.0 

96.3 
8.5 

North  Caro- 
lina.-  

Oklahoma.. - 

49.0 

248.0 
33.0 

Pennsylva- 
nia 

Porto  Rico.. 

24.5 

^90.5 

South  Caro- 
lina 

6.0 

153.0 
55.0 
28.0 

4.0 

40.0 

59.0 
188.0 
273.0 

149.0 

46.0 

South  Da- 
kota  

Tennessee 

2.0 

214.0 
243.0 

Virginia - 

301.0 

West  Vir- 
ginia  

153.0 

Total 

245.8 

373.0 

1, 701. 5 

2,320.3 

Grand  to- 
tal  

1, 079. 1 

7,059.7 

5, 703. 1 

13,841.9 

1  System  designated  by  Bureau  of  Public  Roads 
not  yet  approved  by  the  Secretary  of  Agriculture. 


As  shown  by  Table  21,  452.85  miles 
of  forest  highways  of  all  classes  were 
completed  'during  the  year.  Of  this 
total,  378.9  miles  were  in  the  11 
Western  States  and  Alaska  and  the 
remaining  73.95  miles  were  in  the  forest 
areas  of  7  Eastern  States. 

The  total  mileage  completed  to  date, 
including  the  results  of  the  last  year's 
work,  is  3,498.45  miles,  of  which 
3,182.94  miles  is  in  the  West  and  315,51 
miles  in  the  East. 

Outstanding  in  the  work  of  the  year 
was  the  completion  of  the  Durango- 
Silverton  Road  in  Colorado.  This 
famous  project  in  the  San  Juan  Na- 
tional Forest  has  been  under  construc- 
tion  since   1918.     Lying  on  the  west 


slope  of  the  Continental  Divide,  it 
serves  as  the  north  entrance  to  the  San 
Juan  Basin  and  one  of  the  best  ap- 
proaches to  Mesa  Verde  National  Park. 
On  account  of  the  altitude,  it  is  closed 
by  snow  for  all  but  three  and  a  half 
months  in  the  summer.  The  section 
built  by  the  Government  is  33.14  miles 
in  length,  and  with  the  widening  which 
was  effected  after  completion  of  the 
original  construction  the  cost  has  been 
$560,550. 

Table  21. — Mileage  of  completed  forest 
highway  projects  by  States 


Mileage  of  forest 
highway  proj- 
ects completed 


State 


Western: 

Alaska 

Arizona 

California 

Colorado 

Idaho 

Montana 

Nevada 

New  Mexico - 

Oregon. , 

Utah , 

Washington.. 
Wyoming 


Total. 


Eastern: 

Alabama 

Arkansas 

Florida. 

Georgia 

Kentucky. 

Maine 

Michigan 

Minnesota 

Nebraska 

New  Hampshire. 

New  Jersey 

North  Carolina... 

Oklahoma. 

Pennsylvania 

Porto  Rico 

South  Carolina... 
South  Dakota — 

Tennessee 

Virginia 

West  Virginia 


Miles 

5.21 

20.47 

49.60 

54.56 

55. 96 

40.26 

G.69 

0.07 

51.73 

26.01 

4.24 

61.10 


Total  to 

June  30, 

1927 


378.  90 


Miles 
i';i.62 
r:w.  12 

252. 16 
265. 96 
439. 58 
343. 61 
103. 91 

164. 17 
516. 61 
285. 00 
188.  30 
2.34.90 


3, 182. 94 


5.00 


5.00 
56.76 
64.24 
18.59 


L35 


Total. 


Grand  total. 


19.89 


34.57 


3.59 


36.27 


6.75 

25.60 

5.40 


73.95 


6.27 

41.51 
37.83 
11.88 


315. 51 


452. 85       3, 498. 45 


Other  important  highways  com- 
pleted during  the  year  include  the 
Saxman- Mountain  Point  section  of  the 
Tongass  Highway  in  Alaska;  the 
Cherry  Creek  Hill  section  of  the  Salt 
River-Pleasant  Valley  Highway  in 
Arizona;  the  Camp  Rock  section  of  the 
Independence  Pass  Highway  in  Colo- 
rado; the  Crooked  Fork  section  of  the 
Lewis  and  Clark  Highway,  the  Peasley 
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Creek  section  of  the  Elk  City  Highway, 
and  sections  1,  2,  and  3  of  the  Sahnon- 
Montana  Line  Highway  in  Idaho;  the 
Garry  section  of  the  Columbia  Falls- 
Glacier  Park  Highway  in  Montana; 
the  Schofield  section  of  the  Scottsburg- 
Reedsport  project  and  the  Fall  Creek 
section  of  the  Alsea  River  Highway  in 
Oregon;  and  the  San  Francisco  River 
bridge  on  the  Datil  -  Reserve  -  Dry 
Creek  Highway  in  New  Mexico. 

A  number  of  previously  graded 
projects  were  surfaced  during  the  year. 
Among  these  the  most  important  were 
the  Snowfiake-Pinetop  project  in  Ari- 
zona; the  Warm  River- Yellowstone 
project  in  Idaho;  the  Austin-Unity 
section  of  the  Prairie  City  to  Unity 
project  and  the  Cloud  Cap  Inn  project 
in  Oregon;  and  the  Shuksan-Austin 
Pass  section  of  the  Mount  Baker  High- 
way in  Washington. 

By  agreement  with  the  Governor  of 
Alaska  and  the  Forest  Service,  the 
bureau  has  undertaken  a  survey  of  the 
highway  needs  of  those  sections  of 
Alaska  located  within  and  adjacent  to 
the  national  forests.  One  of  the 
principal  purposes  of  the  survey  is  to 
ascertain  what  may  and  should  be 
done  b}'  highwaj'  construction  to 
develop  the  mineral  deposits,  forest 
resources,  water-power,  and  other 
natural  possibilities  of  southeastern 
Alaska.  This  region  at  present  is  in- 
accessible even  to  prospectors,  and  it 
appears  that  the  construction  of  a  few 
low-type  roads  will  do  much  to  facilitate 
a  proper  development. 

It  will  not  be  possible  in  all  cases  to 
predict  that  such  roads  as  may  now  be 
built  will  continue  in  the  future  to 
serve  adequately  the  needs  of  the 
developed  territory,  but  every  effort 
will  be  made  to  provide  for  future  as 
well  as  immediate  needs.  So  far  as 
possible,  the  roads  will  be  so  located 
that  they  will  continue  to  meet  the 
highway  requirements  of  the  section 
in  the  future  if  surfaced  and  other- 
wise further  improved  in  accordance 
with  traffic  demands.  In  some  cases 
the  roads  at  first  constructed  may 
prove  to  require  relocation  after  the 
pioneer  period,  but  it  is  hoped  by  a 
very  thorough  study  of  the  region  to 
anticipate  the  direction  of  develop- 
ment and  so  avoid  the  necessity  of 
subsequent  relocation  as  far  as  possible. 

In  order  more  effectively  to  cooper- 
ate with  the  Territorial  authorities  in 
the  survey  and  in  the  construction  of 
the  roads,  the  bureau  has  established 
a  district  office  at  Juneau,  and  the  dis- 
trict engineer  has  been  authorized  to 
undertake  the  survey  in  conjunction 
with  representatives  of  the  Territory. 


It  is  expected  that  the  roads  found  to 
be  needed  will  be  constructed  with 
forest-highway  funds. 

Since  entering  into  agreenaent  with 
the  National  Park  Service  of  the 
Interior  Department  to  assist  that 
service  in  the  survey  and  construction 
of  roads  in  the  national  parks  there  have 
been  completed  under  the  bureau's 
supervision  approximately  74  miles  of 
national-park  roads  and  at  the  close  of 
the  year  construction  was  under  way 
on  103  miles  additional.  Besides  this 
work  of  construction,  the  bureau  has 
also  made  survey's  of  an  extensive 
mileage  and  surveys  of  233  miles  are 
at  present  actively  in  progress. 

The  longest  sections  thus  far  com- 
pleted are  in  Crater  Lake,  Sequoia,  and 
Yosemite  National  Parks.  Others  have 
been  completed  in  Glacier,  Mount 
Rainier,  Grand  Canyon,  Lassen  Vol- 
canic, General  Grant,  and  Rocky 
Mountain  National  Parks. 

The  work  at  present  under  construc- 
tion is  in  the  same  parks,  with  the  ex- 
ception of  General  Grant,  and  in  addi- 
tion there  are  approximately  7  miles  in 
Hawaii. 

One  of  the  most  interesting  of  the 
national-park  projects  is  the  work  on 
the  Transmountain  Highway  in  Glacier 
National  Park.  Here  is  a  road  in  which 
practically  every  conceivable  obstacle 
has  been  met  and  overcome.  The  16- 
foot  roadway  is  being  literally  hewn  out 
of  the  solid  rock  of  the  Garden  Wall  in 
order  to  reach  and  cross  the  Conti- 
nental Divide.  The  west  side  section, 
which  has  been  under  construction  for 
some  time,  is  15.7  miles  long,  and  the 
cost  of  grading  and  surfacing  with 
crushed  stone  will  probably  be  about  a 
million  dollars.  At  the  close  of  the 
fiscal  year  work  on  this  section  was 
about  two-thirds  completed. 

In  Mount  Rainier  National  Park 
work  is  in  progress  on  the  Nisqually 
Road.  Three  bridges  have  been  coni- 
pleted  on  this  road  at  a  cost  of  more 
than  $66,000,  and  the  Longview  sec- 
tion, 11.77  miles  long,  is  nearly  com- 
pleted. The  improvement  on  this  sec- 
tion consists  of  grading  and  crushed- 
rock  surfacing  to  a  width  of  18  feet,  at 
a  cost  approaching  $280,000.  The 
Round  Pass  section  of  the  West  Side 
Highway  in  this  same  park  is  also  under 
construction,  the  improvement  con- 
sisting of  10  miles  of  grading  and  16- 
foot  crushed-rock  surfacing.  The  in- 
dicated cost  of  this  road  is  over  $400,000, 
but  it  was  only  about  one-eighth  com- 
pleted at  the  close  of  this  fiscal  year. 

The  El  Portal-Floor  of  the  Valley 
Highway  in  Yosemite  is  another  million- 
dollar  project.     The  improvement  here 
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is  of  a  higher  type  than  in  the  cases 
previously  mentioned  on  account  of 
the  heavier  traffic.  Two  sections  of 
the  road  are  under  construction,  the 
first  involving  the  laying  of  an  18-foot 
bituminous-concrete  surface  on  13.63 
miles,  and  the  second  consisting  of  the 
grading  of  13.79  miles  and  subsequent 
surfacing  with  bituminous  macadam. 

At  the  Grand  Canyon  work  is  under 
way  on  both  the  north  and  south  rims. 
In  Rocky  Mountain  National  Park  the 
grading  of  the  7-mile  Bear  Lake  project 
is  almost  half  completed,  and  in  far- 
away Hawaii  the  Chain  of  Craters 
project,  involving  nearly  7  miles  of 
grading  and  gravel  surfacing,  is  well 
under  way. 

These  are  merely  a  few  of  the  impor- 
tant roads  now  under  construction  in 
the  parks.  When  they  are  completed 
they  are  likely  to  be  rated  among  the 
most  interesting  tourist  roads  in 
America,  and  the  Zion  Canyon  Road  in 
Utah,, shortly  to  be  started,  is  destined 
in  many  ways  to  surpass  them  in 
interest. 

RESEARCH 

The  research  activities  of  the  bureau 
are  carried  on  principally  by  four  divi- 
sions, namely,  the  division  of  tests, 
which  is  responsible  for  physical  re- 
searches in  the  highway  field;  the  divi- 
sion of  economics  and  highway  trans- 
portation, which  has  charge  of  traffic 
surveys  and  other  economic  studies  of 
highways  and  their  use;  the  division  of 
control,  which  makes  studies  of  the 
efficiency  of  highway  construction  and 
maintenance  operations;  and  the  divi- 
sion of  agricultural  engineering,  which 
conducts  numerous  researches  in  con- 
nection with  the  application  of  engi- 
neering principles  to  agriculture. 

The  line  of  demarcation  between  the 
respective  fields  of  these  research  divi- 
sions can  not  be  sharply  drawn.  Even 
the  work  of  the  division  of  agricultural 
engineering,  between  which  and  the 
other  divisions  there  is  less  in  common 
than  the  others  have  between  them, 
deals  with  questions  which  are  also 
under  investigation  from  other  points 
of  view  by  the  highway  research  divi- 
sion. For  example,  the  agricultural 
engineering  division  has  under  way 
studies  of  the  permeability  of  soils,  the 
run-off  of  rainfall  from  the  surface  of 
the  land,  the  flow  of  water  in  pipes  and 
flumes  of  various  materials,  the  effect 
of  alkali  and  soil  acids  on  concrete,  the 
drainage  of  soils,  the  economy  of  trans- 
poration  by  motor  vehicle  and  other 
means,  all  of  which  are  of  interest  in 
somewhat  different  application  to  those 
who  are  studying  problems  of  the  high- 


ways, and,  as  previously  stated,  the 
proper  work  of  the  three  highway  divi- 
sions even  more  frequently  runs  along 
parallel  lines. 

In  order  to  prevent  undesirable  dupli- 
cation of  effort  and  to  facilitate  coopera- 
tion between  these  four  divisions  and 
also  to  bring  to  bear  upon  their  work 
and  its  results  the  constructive  crit- 
icism of  those  in  other  branches  of  the 
organization  whose  duties  have  to  do 
with  the  application  and  dissemination 
of  the  results  of  research,  there  has 
been  created  during  the  past  year  a 
research  committee.  Its  membership 
is  composed  of  the  heads  of  the  four 
research  divisions,  the  chief  of  the  divi- 
sion of  design,  and  the  two  assistants 
to  the  chief  of  bureau.  This  committee 
considers  all  research  projects  before 
they  are  undertaken,  with  a  view  to 
ascertaining  whether  they  are  of  suffi- 
cient importance  to  warrant  the  ex- 
penditure of  effort  and  funds  required, 
reviews  all  results  obtained  from  the 
work  undertaken,  and  endeavors  to 
promote  harmonious  and  mutually 
helpful  cooperation  between  the  several 
divisions.  Its  recommendations  are 
made  to  the  chief  of  bureau,  who  takes 
such  action  as  seems  desirable  in  the 
circumstances. 

The  fundamental  researches  into  the 
magnitude  and  effects  of  motor-truck 
impact  and  the  characteristics  of  soils 
as  highway  subgrades  have  been  carried 
on  with  satisfactory  results  throughout 
the  year  and  will  be  continued. 

IMPACT  INVESTIGATIONS 

In  the  impact  investigation  attention 
has  been  directed  during  the  year 
mainly  to  the  study  of  the  effects  of 
road  roughness  and  of  the  character- 
istics of  the  springs  and  tires  of  vehicles. 
This  phase  of  the  work  has  been  con- 
ducted in  cooperation  with  the  Rubber 
Association  of  America  and  the  Society 
of  Automotive  Engineers,  and  informa- 
tion has  been  obtained  which  will  be 
useful  to  manufacturers  of  rubber  tires 
and  vehicles  in  the  development  of 
refinements  of  vehicular  design  which 
will  tend  to  reduce  the  impact  applied 
to  the  road  and  correspondingly  reduce 
the  shocks  reacting  against  the  vehicles 
and  their  passengers. 

As  the  year  drew  to  a  close  arrange- 
ments were  being  made  to  test  the 
effects  of  various  types  of  cushion 
wheels  now  offered  by  manufacturers, 
and  also  to  ascertain  with  greater  cer- 
tainty the  relative  impact  resulting 
from  corresponding  drops  of  a  wheel  on 
different  types  of  highway  surfacing 
and  pavement.     Interest  in  this  latter 
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connection  lies  especially  in  a  compari- 
son of  concrete  pavements  and  pave- 
ments constructed  with  an  asphaltic 
top  on  a  concrete  base.  Information  of 
this  character  is  needed  to  permit  these 
competing  types  of  pavements  to  be 
considered  upon  a  basis  of  comparable 
strength. 

SUBGRADE  STUDIES 

In  the  subgrade-soil  investigation 
very  promising  progress  has  been  made 
in  the  development  of  tests  by  which 
the  properties  of  the  soils  which  affect 
their  value  as  subgrade  materials  may 
be  measured,  and  plans  have  been 
perfected  for  extensive  soil  surveys  to 
be  made  with  the  assistance  of  the 
State  highway  departments  and  the 
Bureau  of  Chemistry  and  Soils. 

The  information  already  collected 
by  the  Bureau  of  Chemistry  and  Soils 
will  be  used  as  the  starting  point  in 
these  surveys,  and  will  be  extremely 
valuable.  The  principal  object  of  the 
new  surveys  will  be  to  ascertain  the 
value  of  the  soils — previously  classi- 
JBed  with  respect  to  their  agricultural 
possibilities — as  road  subgrades.  This 
will  be  accomplished  by  accumulating 
evidence  of  the  behavior  and  condition 
of  pavements  laid  upon  them,  as  well 
as  by  tests  of  the  soils  themselves  by 
the  methods  now  being  perfected. 

The  purposes  and  aims  of  the  bureau 
in  making  these  subgrade  studies  may 
be  briefly  stated  as  follows: 

1.  To  determine  the  practicability 
of  varying  the  type  or  design  of  road 
surface  to  suit  subgrade  conditions. 

2.  To  ascertain  the  efficiency  of  vari- 
ous methods  of  drainage  and  subgrade 
treatment  and  types  of  subbase. 

3.  To  determine  the  relative  econ- 
omy of  subgrade  correction  (treatment, 
drainage,  or  subbase)  and  change  in 
pavement  design  (type,  thickness,  or 
other  features)  as  compensation  for 
varying  subgrade  conditions. 

As  indicating  the  large  savings  that 
may  be  possible  as  the  result  of  the 
adjustment  of  the  surfacing  material 
or  pavement  to  the  particular  char- 
acteristics of  various  subgrades  when 
these  characteristics  and  their  effects 
are  understood  the  following  instances 
are  of  interest. 

On  the  MarN^and  highway  between 
Beacon  Hill  and  Elkton  about  30  per 
cent  of  one  section  of  the  concrete 
pavement  is  badly  broken  while  an 
adjoining  section  is  intact.  The  dif- 
ference in  conditions  has  been  definitely 
traced  to  the  character  of  the  subgrade 
under  the  two  sections.  If  these 
differences  had  been  fully  understood 


and  compensated  for  in  the  design  of 
the  pavement  on  the  two  sections  a 
considerable  loss  could  have  been 
avoided,  and  similar  losses  could  be 
prevented  in   other  sections. 

East  of  Cleveland,  Ohio,  brick  sur- 
faces laid  on  4-inch  concrete  base 
have  given  satisfactory  service  for 
years,  while  a  similar  surface  laid  on  a 
6-inch  base  south  of  the  city  has 
proved  inadequate.  The  difference 
is  again  a  question  of  subgrade  support, 
and  there  is  involved  in  the  proper 
answer  to  the  question  a  sum  amount- 
ing to  several  thousand  dollars  a  mile. 

Finally,  as  indicating  the  possibilities 
of  subgrade  treatment  reference  may 
be  made  to  a  section  of  gravelly  soil 
road  treated  with  bituminous  materials 
in  New  Hampshire,  which  has  accom- 
modated traffic  through  two  winters, 
in  contrast  with  other  untreated  sec- 
tions of  the  same  road  into  which  the 
wheels  of  vehicles  have  sunk  to  their 
hubs.  The  additional  support  afforded 
by  the  treated  soil  is  plainly  indicated, 
and  the  difference  is  such  as  to  warrant 
a  material  reduction  in  the  thickness 
of  surfacing  material  or  pavement  if 
such  were  required  for  the  accommo- 
dation of  traffic. 

LIGHT  OIL  TREATMENT   OF   CRUSHED  ROCK 

Of  immediate  interest  to  the  Western 
States  is  an  investigation  which  has 
been  carried  on  jointly  during  the  past 
year  by  the  bureau  and  the  California 
State  Highway  Commission,  the  pur- 
pose of  which  is  to  estimate  the  possi- 
bilities of  developing  a  type  of  surfac- 
ing for  roads  of  intermediate  traffic 
density  by  the  treatment  of  crushed- 
rock  and  gravel  roads  with  light  "fuel 
oils."  If  the  treatments  which  are 
now  being  applied  experimentally  on 
many  miles  of  highway  in  Oregon  and 
California  and  other  Western  States 
should  in  the  long  run  prove  as  satis- 
factory as  the  experience  to  date 
indicates,  these  methods  will  doubtless 
provide  a  key  to  the  serious  problems 
of  county  and  local  road  improvement 
in  many  other  parts  of  the  country. 

The  use  of  fine  crushed-rock  and 
gravel  surfaces  on  lightly  traveled 
western  roads  has  been  mentioned  in 
previous  annual  reports.  Many  miles 
of  such  surfaces  have  been  laid  on 
roads  which  obviously  required  some 
improvement  bej-ond  grading  and 
drainage,  and  it  has  been  found  that 
they  are  subject  to  two  serious  objec- 
tions. In  the  first  place,  they  are  very 
dusty,  and  in  the  second,  they  are  so 
rapidly  worn  down  by  the  wheels  of 
vehicles  that  as  much  as  an  inch  or 
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more  of  metal  may  be  lost  in  a  single 
year. 

In  the  effort  to  eliminate  the  dust 
nuisance  and  reduce  wear,  methods  of 
treating  such  surfaces  with  light  fuel 
oils  have  been  developed  which  not 
only  accomplish  the  results  initially 
sought,  but  which,  it  now  seems,  will 
produce  road  surfaces  of  exceptional 
smoothness  and  high  service  value. 

With  the  cooperation  of  the  Cali- 
fornia commission  examples  of  this 
type  of  improvement  have  been  care- 
fully studied  during  the  past  year  and 
a  report  has  been  prepared  which  will 
shortly  be  placed  in  the  hands  of  high- 
way officials  throughout  the  country 
in  order  to  draw  attention  to  the  possi- 
bilities of  the  treated  roads  and  to 
disseminate  a  knowledge  of  certain 
essential  principles  upon  which  their 
successful  construction  appears  to 
depend. 

CONCRETE  ARCH  BRIDGE  TEST 

During  the  year  there  was  presented 
to  the  bureau  an  unusual  opportunity 
to  test  to  destruction  a  large  concrete 
arch  bridge  of  modern  construction  in 
North  Carolina.  The  design  of  con- 
crete arches  has  been  developed  largely 
on  the  basis  of  theoretical  analysis  and 
tests  of  model  bridges,  and  while  the 
methods  devised  have  been  generally 
satisfactory  there  has  been  no  oppor- 
tunity to  verify  them  by  comparison 
of  computed  stresses  under  maximum 
loads  with  the  actual  stresses  developed 
under  such  loads. 

The  bridge  upon  which  it  has  now 
become  possible  to  make  such  a  com- 
parison was  built  in  1922  over  the 
Yadkin  River  in  North  Carolina  as  a 
Federal-aid  project.  All  details  of  the 
design  are  therefore  well  known  to  the 
bureau.  A  dam  now  under  construc- 
tion downstream  will  soon  submerge 
the  bridge  and  it  has  become  necessary 
to  replace  it;  consequently  it  may  be 
tested  to  destruction,  and  this  will  be 
done  by  the  bureau  in  cooperation  with 
the  North  Carolina  State  Highway 
Commission  and  with  the  advice  of 
national  engineering  and  scientific  asso- 
ciations and  other  interested  agencies. 

The  bridge  consists  of  three  open- 
spandrel  arch  spans  of  about  150  feet 
each  and  14  T-beam  or  deck-girder 
spans  of  approximately  40  feet  each, 
making  an  overall  length  of  1,069  feet. 

By  the  end  of  the  year  an  advisory 
committee  representing  the  agencies 
mentioned  had  been  formed,  and  plans 
had  been  worked  out  in  detail  for  the 
tests  which  will  be  begun  as  soon  as  it 
becomes     possible     to     divert     traffic. 


Large  water  tanks  have  been  made 
ready  for  the  application  of  load,  in- 
struments and  procedure  .have  been 
decided  upon,  preliniinar\'  tempera- 
ture stress  measurements  have  been 
made,  and  it  is  expected  that  the  tests 
under  load  will  be  begun  in  October. 

This  is  an  exceptionally  important 
test,  the  results  of  which  will  be  of 
great  value  to  the  engineering  profes- 
sion as  a  whole,  and  it  will  be  watched 
and  studied  with  corresponding  interest. 

TRAFFIC  SURVEYS 

Traffic  surveys  similar  to  those  con- 
ducted previously  in  cooperation  with 
the  authorities  of  Maine,  Connecticut, 
Pennsylvania,  Ohio,  and  Cook  County, 
111.,  have  been  carried  on  during  the 
past  year  in  New  Hampshire  and  Ver- 
mont in  cooperation  with  the  respec- 
tive State  highway  departments.  Re- 
ports which  will  serve  as  the  basis  of 
the  planning  of  future  highway  im- 
provements have  been  prepared  and 
will  shortly  be  printed. 

The  value  of  these  surveys  as  a  means 
of  assuring  the  proper  adjustment  of 
expenditure  and  highway  design  to 
actual  present  and  estimated  future 
traffic  requirements  can  scarcely  be 
overrated. 

The  traffic-flow  maps  and  other  evi- 
dence of  the  character,  weight,  and 
usage  of  vehicles  developed  from  the 
surveys  present  to  those  charged  with 
the  administration  of  the  work  of  high- 
way improvement  a  picture  of  the  rela- 
tive importance  of  the  various  roads 
which  permits  of  the  preparation  of 
sound  budgets  and  adequate  highway 
designs  and  also  makes  possible  the 
scheduling  of  improvement  of  each  sec- 
tion of  highway  with  respect  to  others 
in  the  order  of  their  true  traffic  im- 
portance. 

CONSTRUCTION-EFFICIENCY  STUDIES 

Continuing  the  studies  of  the  effi- 
ciency of  road-construction  processes 
reported  last  year,  attention  has  been 
directed  this  year  to  the  analysis  of 
power-shovel  operation.  The  cost  of 
grading  is  perhaps  the  largest  single 
item  in  the  highway  bill  of  the  coun- 
tr}-,  and  a  great  deal  of  the  grading  is 
done  with  steam  and  gasoline  shovels. 

The  operation  of  these  important 
tools  involves  a  number  of  repetitive 
operations.  The  dipper  must  be  loaded, 
swung,  and  spotted  over  the  hauling 
unit,  the  load  dumped,  and  the  dipper 
returned  for  another  load.  From  time 
to  time  the  shovel  must  be  moved  for- 
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ward  or  maneuvered  to  keep  it  within 
digging  reach  of  the  material  in  which  it 
is  working.^  The  hauHng  equipment — 
wagons  or  trucks — must  be  brought 
into  position  by  the  side  of  the  shovel 
and  loaded;  they  must  then  move  to 
dump,  deposit  their  load,  and  return 
to  the  shovel  for  another,  turning  and 
maneuvering  in  order  to  get  within 
convenient  reach  of  the  shovel  arm. 
As  these  operations  are  repeated  over 
and  over  again  throughout  the  day,  a 
few  seconds  or  even  fractions  of  sec- 
onds regularly  lost  in  any  part  of  the 
operation,  or  any  failure  properly  to 
adjust  the  hauling  equipment  to  the 
capacity  of  the  shovel,  inevitably  re- 
sults in  a  loss  in  productivity  which 
soon  mounts  to  large  proportions. 

As  in  the  other  efficiency  studies 
previously  conducted,  the  various 
phases  of  power-shovel  operation  have 
been  analyzed  with  a  stop  watch  and 
the  time  required  for  efficient  operation 
has  been  determined.  Testing  bj' 
these  standards  the  operation  of  shovels 
by  contractors  under  various  condi- 
tions, it  is  found  to  be  possible,  by  good 
management,  to  make  material  im- 
provements in  efficiency  in  most  cases. 

The  facts  developed  in  these  studies 
will  shortly  be  published  in  the  bureau 's 
periodical  Public  Roads,  and  the  in- 
formation will  also  be  disseminated  to 
contractors  and  engineers  by  papers  in 


the  engineering  and  contracting  pub- 
lications, by  addresses  before  associa- 
tions of  contractors  and  engineers,  and 
in  other  ways. 

The  efficiency  studies  involving,  as 
they  do,  an  intimate  study  of  the 
details  of  road-construction  processes 
afford  an  excellent  opportunitj^  for  the 
training  of  young  engineers,  and  they 
are  being  so  utilized.  Every  spring  a 
number  of  junior  students  in  the 
engineering  schools  are  selected  for 
employment  during  the  summer  as 
assistants  in  the  studies.  Working 
under  careful  direction,  these  young 
men  receive  a  practical  knowledge  of 
road  construction  which  constitutes  a 
very  desirable  supplement  to  their 
theoretical  training.  Upon  graduation 
a  year  later  those  that  have  manifested 
the  highest  proficiency  and  fitness  are 
permanently  employed  and  their  train- 
ing is  continued,  first  in  connection 
with  the  efficiency  studies  and  later  in 
other  branches  of  the  work  of  the 
bureau,  after  which  they  are  assigned 
to  regular  duty  in  the  work  for  which 
they  have  shown  the  greatest  fitness. 
In  this  way  a  corps  of  thoroughly- 
trained  young  engineers  is  being  de- 
veloped from  which  to  fill  vacancies  as 
they  occur  in  the  higher  positions  of  the 
bureau  and  the  State  highway  depart- 
ments. 
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United  States  Department  of  Agriculture, 

Bureau  of  Public  Roads, 

Washington^  D.  6'.,  Se'ptember  1, 1928. 

Sir  :  I  have  the  honor  to  submit  herewith  the  report  of  the  Bureau 
of  Public  Roads  for  the  fiscal  year  ended  June  30,  1928,  covering  the 
work  done  in  connection  with  the  construction  of  Federal-aid, 
national-forest,  and  national-park  roads,  the  economic  and  physical 
researches  in  connection  with  problems  of  highway  improvement, 
and  the  research  and  other  work  of  the  division  of  agricultural 


ensineerinsr. 


Respectfully, 

Hon  W.  M.  Jardine, 

Secretary  of  Agriculture. 


Thos.  H.  MacDonald, 

Chief  of  Bureau. 


During  the  flscnl  year  1928  improve- 
ments were  completed  on  8,184  miles 
of  Federal-aid  road  which  had  not 
previously  been  improved  with  Federal 
assistance.  Advanced  stages  of  im- 
provement were  completed  during  the 
year  on  2.014  miles.  At  the  close  of 
the  year  initial  improvements  were  in 
progress  on  9,494  miles  and  advanced 
or  stage  construction  was  under  way 
on  1,285  miles. 

All  of  this  work  was  or  is  being 
done  on  i*oads  which  are  parts  of  the 
Federal-aid  highway  system,  consist- 
ing of  187,753  miles  of  main  interstate 
and  intercounty  highways. 

The  total  mileage  initially  improved 
with  Federal  aid  since  the  beginning 
of  the  Federal  cooperation  is  72,394 
miles.  As  the  original  length  of  these 
roads  has  been  shortened  by  subse- 
quent relocations  by  a  total  of  34.4 
miles  throughout  the  entire  period,  and 
as  there  is  a  portion  of  the  total 
amounting  to  1,285  miles  which  is  now 
undergoing  stage  construction,  the 
mileage  classified  as  completed  at  the 
close  of  this  fiscal  year  is  71,074 
miles. 

By  the  completion  of  281  miles  dur- 
ing the  fiscal  year  the  mileage  of  com- 
pleted roads  built  in  cooperation  with 
the  Forest  Service  under  the  bureau's 


supervision  in  the  national  forests  is 
brought  to  3,775  miles.  Of  this  total, 
3,484  miles  are  in  12  Western  States 
and  the  Territory  of  Alaska  and  291 
miles  are  in  11  Eastern  States.  These 
improved  roads  are  portions  of  the 
forest-road  system  which  has  been 
designated  jointly  by  State  and  Fed- 
eral authorities  and  which  embraces 
at  present  a  total  of  13,911  miles,  of 
which  11,768  miles  are  in  the  above- 
mentioned  12  Western  States  and 
Alaska. 

Continuing  the  cooperation  with  the 
National  Park  Service  of  the  Depart- 
ment of  the  Interior,  the  bureau  has 
surveyed,  planned,  and  supervised  the 
construction  of  important  roads  in  the 
park  areas.  Working  in  accordance 
with  a  program  that  calls  for  the  im- 
provement of  over  1.500  miles,  the  re- 
sult to  date  is  120  miles  built,  164  miles 
under  construction,  and  an  additional 
322  miles  of  Survey  in  progress. 

The  bureau's  connection  with  the 
Federal  aid,  national  forest,  and  na- 
tional park  road  work  places  it  in  a 
position  where  it  is  able  to  serve  as  a 
correlating  agency  to  give  common  di- 
rection to  these  three  major  road  ac- 
tivities of  the  Federal  Government. 
Its  exercise  of  this  function  is  espe- 
cially needed  in  the  Western  States  in 
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which  the  reserviKi  national  areas  are 
Inrsoat  unci  most  nnniorous.  In  these 
Spates  the  intenneshinj;  of  the  roads 
in  the  forests,  parks,  Indian  reserva- 
tions, and  otlier  national  areas  with 
the  roads  of  the  States  outside  the  her- 
ders of  the  national  lands  is  essential 
to  the  (leveloinuent  of  an  adequate 
hishway  system.  The  hureau  has  ac- 
cepted the  resjionsihility  for  accom- 
plishins  this  result,  and  the  articula- 
tion of  the  Federal  aid,  national  forest, 
and  national  park  road  systems,  which 
constitute  the  definite  programs  of  fu- 
ture endeavor  in  the  three  major 
classes  of  road  work  of  interest  to  the 
Federal  Government,  testifies  to  the 
success  of  its  efforts.  The  similar  ex- 
ercise of  its  coordinating  influence  in 
the  construction  of  the  roads  of  all 
three  is  liearing  fruit  which  is  recog- 
nizahle  in  the  higher  and  more  uni- 
fcu'm  standards  that  now  prevail 
throughout  all  States  aTid  in  the  de- 
velopment of  all  highway  systems. 
These  very  satisfactory  results  have 
heen  achieved  through  the  mutual  co- 
operation of  Government  hureaus  and 
the  pooling  of  Federal  and  State  ef- 
fort, and  it  is  gratifying  to  he  able  to 
report  them  in  view  of  the  present 
widespread  interest  in  rational  govern- 
mental coordination. 

The  application  of  similar  methods 
oi  intermediation  and  coordination  is 
largely  responsible  for  the  significant 
success  which  has  attended  the  bu- 
reau's most  important  economic  re- 
search project  of  the  year — the  plan- 
ning of  a  highway  system  which  will 
relieve  traffic  congestion  in  the  metro- 
politan region  about  the  city  of  Cleve- 
land, Ohio.  In  the  area  affected  by 
highway  traffic  originating  in  and  des- 
tined to  Cleveland  thei'e  are  parts  of 
seven*  c(  unties.  In  Cuyahoga  County 
alone  there  are  4  cities,  49  incoqiorated 
villages,  and  6  townships,  a  total  of  59 
more  or  less  independent  jurisdictions, 
each  possessed  of  authority  over  the 
highways  within  their  bordei's.  Faced 
by  a  common  problem — the  provisi(m  of 
adequate  arteries  for  the  flow  of  the 
increasing  traffic  of  a  great  metrop<ili' 
tan  area — the  authorities  of  the  sev- 
eral jurisdictions  had  been  unable  to 
agree  upon  a  concerted  plan,  and 
their  independent  and  frequently  con- 
flicting efforts  had  failed  to  produce 
a  sa^^isfnctory  solution. 

At  the  request  of  the  board  of  county 
conunissittneJ'S  of  Cuyahoga  County, 
the  bureau  agi'eed  to  midertake  a  sur- 
vey of  the  highway  traffic  of  the  area 
and  on  the  basis  of  fact  thereby  de- 
velo])ed  to  j>lan  a  consistent  program  of 
improvements  designed   to   relieve  the 


congestion  that  had  arisen,  on  one  con- 
dition, namely,  that  the  auth>rities  of 
each  of  the  jurisdictions  involved 
would  agree  to  carry  out  the  plan  pre- 
sented and  adopted.  The  condition 
was  accepte<l,  the  suiwey  has  been 
made,  and  a  plan  of  improvement  has 
been  drawn  up  which  has  met  with 
the  enthusiastic  indorsement  of  all 
authorities.  As  the  fiscal  year  closes, 
work  is  already  under  way  to  put  into 
effect  some  of  the  more  important  rec- 
onnnendations,  which,  if  carried  out, 
will  doubtless  strike  at  the  root  of  the 
traffic  troubles  of  the  area. 

In  the  department  of  physical  re- 
search the  .study  of  the  characteristics 
of  road-surfacing  materia's  and  sub- 
grade  soils  and  the  measurement  of 
the  natural  and  vehicular  forces  to 
which  the  roads  are  subjected  have 
been  carried  on  with  all  possible  vigor. 
The  problems  involved  are  exceedingly 
complicated  and  the  necessary  dura- 
tion of  the  studies  correspondingly 
long.  The  variables  are  being  attacked 
one  by  one :  and  each  year  adds  to  the 
fund  of  knowledge  which  is  gradually 
evolving  rational  bases  of  highway  de- 
sign, and  which  ultimately  may  be  ex- 
pected to  eliminate  doubt,  to  the  extent 
that  it  is  ever  possible  to  do  so  in 
works  subjected  to  natural  forces,  as  a 
factor  in  the  work  of  highway  im- 
provement. 

Of  far-reaching  imiwrtance  are  the 
investigations  which  have  for  their 
purpose  the  development  of  types  of 
road  sui-face  low  in  cost  and  yet  capa- 
ble of  bearing  the  year  round,  without 
dust  in  summer  and  mud  in  winter,  the 
light  traffic  which  must  be  accommo- 
dated by  hundreds  of  thousands  of 
miles  of  local  roads.  The  investiga- 
tions in  this  field,  conducted  by  the 
bureau  in  cooperation»wlth  the  high- 
way departments  of  California  and 
South  Carolina,  have  had  results  of 
great  promise  and  utility. 

The  treatment  of  fine  crushed  gravel 
and  rock  roads  with  asphaltic  fuel  oils, 
by  methods  modified  and  improved  as 
a  result  of  the  cooperative  investiga- 
tion with  Ca'ifornia,  has  been  espe- 
cially effective  in  the  arid  and  semi- 
arid  Western  States  where,  on  un- 
treated stone  roads,  the  dust  nuisance 
had  become  intolerable.  Already  2.500 
miles  of  crushed-stone  roads  have  been 
treated  by  this  method  in  9  Western 
States,  and  when  the  season's  current 
prosiram  is  completed  there  will  be 
over  ."^.OOO  miles  in  11  States.  The 
treatment  strikingly  improves  the  rid- 
ing qualities  of  the  roads,  completely 
eliminates  dust,   and   reduces  surface 
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■wear  to  a  negligible  quantity  at  a  cost 
wliii'h,  iindir  (.'fficicnt  management, 
does  not  exceed  $1,700  a  mile. 

In  the  South  Carolina  investigations 
the  aim  is  to  devoloi)  a  simi  ar  treat- 
meut  whicli  will  ho  applicable  to  va- 
rious earth  and  stone  surfaces  and 
which  will  product-  satisfactory  results 
in  the  more  humid  sections  of  the 
country. 

The  test  of  the  concrete-arch  bridge 
over  the  Pee  Dee  River  i.ear  Albe- 
marle, N.  C,  of  which  mention  was 
made  in  the  report  for  the  preceding 
fiscal  year,  has  been  completed,  and 
the  analysis  of  the  data  obtained  is 
nearing  completion.  This  test,  which 
was  conducted  cooperatively  by  the 
bureau  and  the  North  Carolina  State 
Highway  Commission,  has  commanded 
the  interest  of  bridge  engineers 
throughout  the  world. 

The  importance  of  the  test  is  due  to 
the  fact  that  it  offers  an  unparalleled 
opportunity  to  verify  the  accuracy  of 
the  accepted  design  theory  by  a  com- 
parison of  theoretical  stres.ses  with 
those  actually  produced  by  test  loads. 
The  results  will  have  great  scientific 
Talue  and  it  is  expected  that  they  will 
point  the  way  to  a  more  accurate  and 
economical  proportioning  of  structures 
of  this  type. 

The  efforts  to  promote  efliciency  and 
economy  in  road  construction  opera- 
tions, begun  several  years  ago,  have 
•dealt  this  year  particularly  with  three 
■questions:  (1)  The  possibilities  of 
economy  in  the  operation  of  power 
shovels  used  in  grading;  (2)  the  effect 
■of  the  length  of  mixing  time  on  the 
strength  of  concrete  mixed  in  standard 
highway  paving  mixers,  and  the  possi- 
bility of  effecting  economies  by  reduc- 
ing the  length  of  the  mixing  period, 
and  (3)  the  pos.sibility  of  producing 
asphaltic  and  bituminous  concrete 
surfaces  of  greater  smoothness  and 
lower  cost  by  the  use  of  mechanical 
finishing  methods. 

The  first  two  lines  of  study  have 
been  carried  to  the  point  of  establish- 
ing with  considerable  conviction  just 
what  economies  may  be  effected  with- 
out detracting  from  the  service  quali- 
ties of  the  roads.  The  latter,  which 
was  begun  coincidently  with  the  first 
experimental  uses  of  finishing  ma- 
chines on  bituminous  surfaces,  has  been 
an  invaluable  guide  in  the  perfection 
of  the  machines  and  methods  of  opera- 
tion, and  is  being  continued  with  a 
view  to  promoting  still  further  efli- 
ciency in  this  most  recent  application 
of  mechanical  power  to  road  construc- 
tion. 


Seeing  what  Is  believed  to  be  a  seri- 
ous menace  to  the  free  flow  of  highway 
traffic  in  the  extraordinary  activity  of 
promoters  of  private  toll  britlges  on 
important  State  and  interstate  arteries, 
the  bureau  undertook  an  investigation 
of  the  situation,  which  was  comp  etetl 
during  the  past  year.  The  investiga- 
tion disclosed  the  number  and  location 
of  toll  bridges  already  in  operation  and 
under  construction  and  showed  that  a 
majority  are  on  the  Federal-aid  high- 
way system.  It  directed  public  atten- 
tion to  the  alarming  increase  in  the- 
number  of  applications  for  legislation 
permitting  the  erection  of  such  bridges; 
and  pointed  out  the  alternative  means 
that  might  l)e  adopted  to  provide' 
needed  bridges  by  public  initiative  andi 
thus  prevent  the  private  exploitation 
of  highway  facilities  built  so  largely  at 
pub  ic  expense.  In  fairly  and  wisely 
jneeting  this  situation  the  administra- 
tive authorities  of  the  States  and  Fed- 
eral Government  need  legislative  .sup- 
port which  it  is  confidently  3xi)ected 
will  not  be  denied, 

PROGRESS  IN  FEDERAL-AID  ROAD  CON- 
STRUCTION 

In  the  Federal-aid  highway  system, 
designated  as  required  by  the  act  of 
November  9,  1921,  there  are  at  present 
187,753  miles  of  main  interstate  and 
intercounty  highways.  All  Federal 
funds  appropriated  since  the  passage 
of  the  act  have  been  applied  to  the 
improvement  of  this  limited  system. 
As  a  result  of  this  wise  policy  continu- 
ously followed  for  eight  years  the  ma- 
jor highway  system  of  the  Nation  has 
been  steadily  improvetl,  and  the  inde- 
pendent efforts  of  the  States  applied  to 
the  same  system  have  furthered  the  re- 
sults of  the  cooperative  undertakings; 
so  that  initial  improvements  have  now 
been  made  on  more  than  three-fourths 
of  the  entire  mileage. 

The  cooperation  with  the  States  has 
this  year  added  the  initial  improve- 
ment of  8,184  miles,  increasing  the 
total  mileage  upon  which  improve- 
ments have  been  completed  from  the 
64,210  miles  of  a  year  ago  to  72,394 
miles.  The  latter  figure  represents  the 
total  mileage  initially  improved  since 
the  inception  of  the  Federal-aid  policy 
in  1916.  "With  the  exception  of  a  small 
amount  of  work  done  before  the  pas- 
sage of  the  act  of  1921,  all  of  this  mile- 
age is  included  in  the  Federal-aid  sys- 
tem. 

By  relocations  made  in  the  course  of 
subsequent  construction  this  initially 
improved  mileage  has  been  reduced  by 
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approximately  34  miles,  and  there  are 
at  present  1,285  miles  which,  because 
they  are  now  undergoing  further  stages 
of  improvement  are  temporarily  trans- 
ferred from  the  classification  of  im- 
proved mileage.  With  these  deductions 
the  total  mileage  class  fled  as  improved 
stands  at  71,074  miles. 

A  year  ago  the  mileage  reported  as 
initially  improved  was  64,210  miles. 
This  included  1,213  miles  which  were 
then  undergo  ng  stage  construction  and 
nearly  23  miles,  the  aggregate  shorten- 
ing of  the  routes  resulting  from  ad- 
vanced improvements  up  to  that  time. 
W  th  these  deducted  the  total  classi- 
fied as  improved  was  C3,974  miles. 
Comparing  this  fi'.cure  with  the  71,074 
miles  now  classified  as  improved,  after 
taking  account  of  reductions  in  the 
length  of  routes  and  sections  of  pre- 
viously improved  road  now  undergoing 
further  improvement,  it  will  be  seen 
that  the  increase  in  the  improved 
mileage  classification  is  8.100  miles. 

Exact  figures  representing  the  mile- 
age in  the  system  improved  by  the 
States  without  Federal  assistance  are 
still  unava  lable  ;  but  reliable  estimates 
by  State  highway  officials  ind  cate  that 
the  total  exceeds  the  mileage  improved 
with  Federal  aid  ;  ard  it  is  probable 
that  the  aggregate  length  of  a"l  sec- 
tions initially  improved  to  date  is  not 
far  from  150,000  miles. 

ADVANCED    IMPROVEMENTS    MULTIPLY 

While  inifal  improvement  has  thus 
been  extended  to  a  very  large  portion 
of  the  designated  system,  advanced  or 
so-called  stage  construction  has  lieen 
carried  on  on  .sections  of  road  already 
iiutially  improved  where  traffic  growth 
has  demanded  and  available  funds  and 
sound  public  jiolicy  have  i>erniitted. 

As  the  miniu)uin  traffic  requirements 
are  met  by  the  extension  of  initial  im- 
provement to  a  constantly  increasing 
mileage  it  becomes  possible  to  direct 
the  available  resources  of  money,  men. 
and  materials  in  increasing  measure  to 
the  further  betterment  of  the  initially 
graded  or  lightly  surfaced  roads  and 
to  r(  finements  of  grade,  location,  and 
design  which  were  deliberately  omirted 
in  the  first  stage  of  improvement  in 
order  to  make  limited  resources  go  as 
far  as  possible. 

Such  further  improvements  wore 
completed  during  the  past  yea.r  on 
2.014  miles  of  highways  previou>ly  im- 
proved with  Federal  aid.  This  work 
does  not  increase  the  total  of  mile.ige 
improved.  In  fact,  it  generally  has 
the   effect   of   slightly   decreasing    the 


mileage  of  improved  road  in  the  system 
by  the  amount  of  the  shortening  in 
distance  which  results  from  relocations 
found  to  be  possible  and  desirable. 

During  the  past  year  the  mileage  of 
improved  road  in  the  Federal-aid  sys- 
tem was  decreased  by  such  relocatiims 
and  other  revisions  by  a  total  of  about 
11  miles,  which,  added  to  similar  re- 
ductions previously  effected  and  total- 
ing approximately  23  miles,  brings  the 
total  shortening  of  distance  to  about 
34  miles 

But,  although  the  stage-construction 
work  d<  es  not  add  to  the  total  of  mile- 
age improved,  it  does  add  to  the  work 
accompli;  hed ;  and  the  mileage  dealt 
with  this  year  amounts  to  nearly  a 
fourth  of  the  mileage  initially  im- 
proved. If  the  mileage  on  which  stage 
construction  was  completed  during  the 
year  is  added  to  the  miler^ge  initially 
improved  in  the  same  period,  the  total 
Diileage  upoii  whit  h  work  has  been 
completed  during  the  year  is  found  to 
be  10,198  miles.  As  the  corresponding 
figure  for  the  preceding  year  was  9.683 
miles,  it  is  apparent  that  the  work 
done  during  the  past  year  considerably 
exceeded  the  accomplishment  of  the 
preceding  year. 

The  tendency  to  c'.evote  greater  at- 
tention to  stage  construction  a*  the 
initial  improvement  of  the  system 
nears  completion  is  indicated  by  the 
fact  that,  whereas  the  mileage  thus 
further  improved  during  the  fiscal  year 
T.t27  was  about  16  i)er  cent  of  the 
mileage  of  initial  improven^ent  com- 
l)leted,  the  corresponding  ratio  for  the 
past  year's  work  was  nearly  2,t  per 
cent.  It  is  further  illu-fi'ated  by  the 
fact  that  the  mileage  of  stage  construc- 
lion  completed  during  the  past  year 
exceeded  by  over  600  miles  the  com- 
pleted mileage  of  similar  construction 
in  the  preceding  year,  which  far  ex- 
ceeded the  similar  work  cione  in  pre- 
vious years. 

The  subsequent  improvements  invari- 
ably enhance  the  service  value  of  the 
highways.  Th(-y  consist  generally  of 
file  application  of  a  surface  to  a  pre- 
viously graded  road  or  the  substitution 
of  an  impi'ov*  d  surface  for  a  previously 
placed  surface  of  lower  type.  In  some 
rases  the  imp'-ovement  involves  reloca- 
tion of  the  highway  as  originally  built, 
to  rectify  alignment,  eliminate  grade 
crossings  of  railroads,  or  for  othtr  pur- 
poses. 

Considered  in  the  aggregate,  the  ef- 
fect of  the  stage  construction  is  to  raise 
gradually  the  standard  of  improvement 
upon  the  system  as  a  whole  and  this, 
despite  the  fact  that  the  progress  of 
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initial  improvement  is  adding  to  the 
completed  mileage  each  year  a  larg;. 
mileage  of  graded  and  drained  roads  and 
roads  temporai'ily  surfaced  with  low- 
grade  material.  Thus,  in  the  past  year 
initial  improvement  added  to  the  im- 
proved mileage  2,182  miles  of  graded 
and  drained  earth  roads  without  sur- 
facing of  any  sort.  But  in  the  same 
period,  previously  built  earth  roads 
were  surfaced  by  stage  cons;  ruction  so 
that  the  net  increase  in  tl:e  mileage 
of  unsurfaced  roads  was  only  685  miles. 
And,  whereas  the  high-type  pavements 
of  brick,  concrete,  and  bituminous  con- 
crete, completed  as  initial  improve- 
ments during  the  year  was  2,711  miles, 
the  net  increase  in  mileage  of  these 
high  types  was  3,336  miles,  the  dif- 
ferential being  the  contribution  of  stage 
construction. 

Slowly  but  surely  the  general  level 
of  improvement  of  the  system  is  being 
raised  in  this  way  evtn  while  the 
pioneering  effort  still  adds  largely  each 
year  to  the  mileage  improved  by  low 
tyi)es.  Whereas  graded  and  drained 
earth  roads  two  years  ago  made  up 
more  than  17  per  cent  of  the  entire 
improved  mileage,  th?y  now  constitute 
only  15  per  cent.  Where  two  years  ago 
the  mileage  of  pavements  completed 
was  less  than  26  per  cent  of  the  total 
completed  mileage,  to-day  it  approaches 
29  per  cent. 

TYPES  OF  FEDERAL-AID  ROADS 

The  8,184  miles  of  initial  improve- 
ment completed  during  the  year  include 
2,182  miles  of  graded  and  drained  earth 
roads,  844  miles  of  sand-clay  roads, 
1,836  miles  of  gravel  roads,  92  miles  of 
water-bound  macadam  roads,  464  miles 
of  .bituminous  macadam  roads,  136 
miles  of  bituminous  concrete  pavement, 
2,533  miles  of  Portland  cement  concrete 
pavement,  and  42  miles  paved  with 
vitrified  brick.  The  remaining  54  miles 
were  made  up  of  numerous  bridg.  s  and 
their  approaches,  each  structure  being 
more  than  20  feet  in  length. 

Deteimination  of  the  surface  type  of 
the  roads  built,  responsibility  for  which 
is  shared  by  the  Federal  and  State 
authorities,  rests  primarily  upon  the 
needs  of  the  traffic  carried  by  each  in- 
dividual section  of  road.  This  primary 
consideration  is  modified  to  a  degree 
by  the  desirability  of  extending  some 
measure  of  improvement  as  rapidly  as 
possible  to  the  entire  highway  system. 

Notably  in  the  States  of  the  South 
and   West,   by   reason   of   their   large 


size,  their  comp;irative  sparsity  of 
iwpulation  and  limited  public  revenues, 
and  the  less  advanced  stage  which 
characterizes  the  development  of  their 
highway  systems,  these  further  con- 
siderations appeal  with  much  force. 
Consequently  it  will  be  found  that  in 
these  States  the  initial  improvements 
include,  in  greater  proportion  than  in 
the  E;; stern  and  Northern  States,  the 
lower  types  of  surfaces.  That  such 
considerations  have  not  induced  the 
construction  of  types  of  surfaces  clearly 
out  of  accord  with  the  demands  of 
traffic  is  indicated  by  Table  1,  which 
pre-ents  an  analysis  of  the  proportions 
of  low  and  high  types  of  surface  con- 
stniction  in  the  several  geogrr.phic  re- 
gions in  relation  to  the  general  density 
of  motor-vehicle  traffic,  as  roughly  ex- 
pressed by  the  number  of  registered 
motor  vehicles  per  mile  of  the  Federal- 
aid  highway  system  in  each  region. 

Table  1. — Relation  of  the  types  of  init- 
ial impiovcmcnts  completed  during 
the  fiacal  year  1928  and  the  general 
density  of  motor-vehicle  traffic  on 
the  Federal  aid  highway  system  by 
groups  of  States 


Number 
of  motor 
vehicles 
per  mile 

of 
Federal- 
aid 
system  i 

Percentage  of  mile- 
age of  initial  im- 
provements com- 
pleted 

Group  of  States 

Bitumi- 
nous 
macadam 
and 
higher 
types 

Water- 
bound 
macad" 
am  and 
lower 
typ€8 

Middle  Atlantic 

New  England 

Pacifie-    - 

362 

241 

219 

203 

102 

83 

72 

67 

36 

91.4 

78.3 
44.5 
75.2 
62.1 
36.1 
21.0 
16.4 
2.4 

8.6 
2'.  7 

55.5 

East  North  Central- 
South  Atlantic 

West  South  Central - 
East  South  Central. 
West  North  Central. 

24.8 
37.9 
63.9 
79.0 
83.6 
97.6 

All  States 

123 

38.8 

61.2 

>  As  registered  in  the  several  States  during  the 
calendar  year  1927. 

As  would  naturally  be  expected  from 
the  foregoing  statements.  Table  2 
allows  that  the  mileage  of  stage  con- 
struction or  advanced  improvements 
completed  is  greatest  in  the  West  and 
South  and  least  in  the  wealthy,  popu- 
lous, advanced,  and  territorially  lim- 
ited States  of  the  Middle  Atlantic  and 
New  England  groups. 
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Table  2. — Mileaye  of  stage  construc- 
tion completed  during  the  fiscal  year 
1928,  by  groups  of  States 


i.Group  of  States 

Mileage  of 
stage  con- 
struction 
completed 
during  the 
year 

Percent- 
age of  the 
total 

New  England 

0.0 
3.0 

186.8 
40.3 
96.0 
1,214.8 
286.5 
148.2 
38.6 

0.0 

Middle  Atlantic 

.1 

South  Atlantic 

9.2 

East  North  Central 

East  South  Central 

2.0 

4.8 

West  North  Central 

West  South  Central- 

Mountain 

Pacific - . 

60.3 

14.3 

7.4 

1.9 

All  States 

2, 014. 2 

100.0 

Roads  included  in  the  Federal-aid 
system  are  by  and  large  the  most 
heavily  traveled  in  the  United  States. 
They  are  the  main  interstate  and  inter- 
county  roads  and  are  included  in  the 
designated  miletige  for  this  reason.  In 
the  States  in  which  traffic  surveys  have 
been  made  by  the  bureau  it  has  been 
possible  to  measure  the  relative  traffic 
importance  of  the  Federal  aid  roads 
and  other  roads  of  the  States,  and 
these  determinations  have  shown  in- 
vaiiably  the  greater  utilization  of  the 
Federal-aid  system. 

In  Veimnnt  the  average  traffic  on  all 
roads  of  the  Federal-nid  system  was 
found  to  be  702  vehicles  per  day.  The 
traffic  on  all  other  numbered  State 
routes  (the  most  important  State 
roads  outside  the  Federal  system) 
averagpil  293  vehicles  per  day. 

In  New  Hampshire  the  observed 
traffic  on  the  Federal-aid  ronds  aver- 
aged 1,088  vehicles  per  day ;  on  other 
State  trunk  lines  it  averaged  551  ve- 
hicles per  day. 

In  Ohio  the  Federal-aid  I'oads  car- 
ried in  1925  an  average  of  708  vehicles 
a  d'y,  and  other  roads  of  the  State 
highway  system  showed  a  daily  traffic 
average  of  538. 

The  Connecticut  survey  in  1923  in- 
dicated an  average  traffic  utilization  of 
the  Federal-aid  system  exceeding  by 
15  per  cent  the  average  for  the  entire 
Sti'te  system. 

The  types  of  road  surface  that  have 
been  found  by  experience  and  test  to 
be  especially  .suitable  for  dense  and 
heavy  traffic  are  bituminous  macadam 
and  the  several  pavement  type.s.  This 
being  true,  the  milenge  improved  with 
Federal  aid  should  show  a  greater  per- 
centage of  these  higher  types  of  sur- 
face than  other  improved  State  roads. 


That  this  condition  actually  exists  is 
indicated  by  the  analysis  presented  in 
Table  3,  where  the  surface  types  of 
completed  Federal-aid  roads  are  com- 
pared with  those  of  all  other  State- 
built  roads.  Table  3  is  merely  in- 
dicative of  the  superiority  of  improve- 
ments on  the  Federal-aid  system.  A 
considerable  part  of  the  mileage  built 
by  the  States  without  Federal  aid  is 
also  on  the  Federal-aid  system.  If  it 
were  possible  to  separate  this  mileage 
from  that  not  included  in  the  system  it 
would  doubtless  show  a  type  classifica- 
tion similar  to  that  of  the  roads  built 
with  Federal  aid,  and  the  percentage 
of  the  higher  types  on  the  remaining 
portion  of  the  State  systems  would 
probably  be  lower  than  the  percentage 
shown  by  Table  3  for  all  unaided  con- 
straction. 

Table  3. — Percentages  of  high  and  loxv 
types  of  surfaces  on  Federal-aid 
roads  completed  to  June  30,  1928, 
and  State  roads  built  tcithout  Fed- 
eral aid  to  Decemhcr  SI,  1927 


Water- 

Bitumi- 

bound 

nous  mac- 

macadam 

adam  and 

System 

and  lower 

higher 

types,  per- 

types, per- 

centage 

centage 

of  total 

of  total 

Federal-aid  roads          .  . 

65.2 

34.8 

State  roads  (exclusive  of 

roads  built  with 

i'ed- 

eral  aid 

173.9 

'  26.1 

'  These  percentages  are  obtained  by  subtraction 
of  the  mileage  of  Federal-aid  roads  completed  to 
June  30,  1928,  from  the  mileage  of  all  State  roads 
completed  to  Dec,  31,  1927.  The  interval  of  six 
months  and  the  fact  that  a  small  mileage  of  Federal- 
aid  roads  is  not  included  in  the  State  systems  have 
no  material  effect  upon  the  percentages. 


The  response  to  the  increasing  de- 
mands of  a  growing  traffic  is  shown  by 
the  greater  increase  in  the  types  more 
suitable  for  heavy  traffic.  With  regard 
to  the  F'ederal-aid  roads  this  fact  is 
evidenced  l^y  Table  4.  which  shows  that 
the  net  result  of  the  last-year's  work 
was  to  increase  the  mileage  of  com- 
pleted high  types  of  road  by  19.3  per 
cent,  while  the  mileage  of  completed 
low  types  increased  but  9.7  per  cent 

Combining  to  produce  this  result 
there  are  the  two  policies  of  opposite 
tendency  ;  on  the  one  hand  the  policy  of 
extending  pioneer  improved  mileage  as 
I'apidly  as  possible  by  cost  ruction  of 
low  tyi>e,  and  on  the  other  the  upbuild- 
ing policy  of  stage  construction.  The 
effect  of  the  latter  policy  is  indicated 
by  the  fact  that  although   the  year's 
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initial  construction  added  to  the  com- 
pleted mileage  2,182  miles  of  unsiir- 
faced  earth  roads  and  2,553  mi.es  of 
concrete  pavement,  the  net  increase 
in  the  completed  mileasje  of  earth  road 
was  only  685  mi'es,  while  the  net  in- 
crease in  the  mileage  of  concrete  pave- 
ment was  3,131  miles. 

Table  4. — Mileage  of  the  several  types 
of  Federal-aid  roads  improved  at  the 
close  of  the  fiscal  years  1927  and 
1928  and  percentage  of  increase 


Type 


Graded  and  drained 

Sand-clay 

Gravel-- 

Water-bound  mac- 
adam  

Bituminous  mac- 
adam  

Bituminous  con- 
crete  

Portland  cement 
concrete 

Brick 

Total 


Mileage 

at  close 

of  fiscal 

year 

1927  ' 


9, 926.  6 

5,  578. 9 

25, 337.  7 

1, 300. 1 

3, 670. 0 

1, 834.  3 

14, 385.  7 
771.8 


62, 805. 1 


Mileage 

at  close 

of  fiscal 

year 

1928  1 


10,611.3 

6, 470. 9 

27, 698.  3 

1, 426.  6 

4,  317.  2 

1, 993. 3 

17, 516.  3 
817.9 


70,851.8 


Percent- 
age in- 
crease 
during 
fiscal 

year  1928 


6.91 
16.1 
9.3^  9.7 

9.7 

17.6 

8.7 


19.3 


21.8 
6.0) 


12.8 


'  Mileage  under  stage  construction  at  the  close  of 
the  year  and  reductions  in  mileage  by  relocation, 
etc.,  deducted  from  total  mileage  completed. 

The  2,182  miles  initially  improved  by 
grading  and  draining  and  the  addi- 
tional mileage  initially  improved  with 
low-type  surfaces  constitute  a  very 
considerable  betterment  of  the  preex- 
isting conditions.  These  initial  im- 
provements will  serve  present  traffic 
with  at  least  a  fair  degree  of  satis- 
faction, and  the  service  will  be  im- 
proved by  stage  construction  if  and 
when  it  is  required  within  the  limit 
of  funds  available.  If  in  the  initial 
improvement  the  several  types  had 
been  represented  in  the  same  propor- 
tions as  their  net  increases  during  the 


year,  a  certain  mileage,  possibly  as 
much  as  a  thousand  miles,  that  has 
been  improved  to  a  measurable  degree 
would  still  be  wholly  unimproved 

FEDERAL-AID     BRIDGE     CONSTRUCTION 

The  Federal-aid  bridges  completed 
during  the  year,  with  their  approaches, 
have  an  aggregate  length  of  over  54 
miles.  In  the  preceding  year  the  ag- 
gregate length  of  the  structures  com- 
pleted was  not  quite  46  miles,  and  this 
was  more  than  twice  the  mileage  com- 
pleted during  the  fiscal  year  1926.  The 
year's  results  in  bridge  construction, 
as  will  be  seen  from  these  compari- 
sons, are  worthy  of  special  note. 

The  bricges  under  construction  and 
approved  for  construction  at  the  close 
of  the  year  have,  with  their  approaches, 
an  aggregate  length  of  nearly  68  miles, 
exceeding  by  more  than  3  miles  the 
total  length  of  structures  in  the  cor- 
responding stages  of  progress  at  the 
beginning  of  the  year. 

Including  the  structures  just  com- 
pleted, the  Federal  aid  bridges  now 
standing  have  a  total  length,  with 
their  approaches,  of  222.5  miles,  nearly 
a  fourth  of  which  was  added  during 
the  last  year. 

All  of  these  structures  are  more 
than  20  feet  in  clear  span,  and  in  sev- 
eral instances  the  structures  with  their 
necessary  approaches  span  distances  of 
a  mile  and  more. 

A  list  of  the  bridges  completed  dur- 
ing the  year  which  cost  $75,000  or 
more  is  given  in  Table  5.  The.se,  the 
longest  and  most  expensive  of  the  pro- 
jects completed,  vary  in  length  from 
about  a  tenth  of  a  mile  to  a  mile  and 
more,  and  have  an  aggregate  length  of 
29.6  miles.  The  remainder  of  the  mile- 
age completed  is  made  up  of  numer- 
ous smaller  and  less  expensive  bridges. 
The  total  number  of  bridges  of  all 
lengths  from  20  feet  upward  comi)leted 
during  the  year  for  which  the  final 
Federal  payment  has  been  made  is 
1,544. 
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Table  5. — Federal-aid  'bridges  completed  during  the  -fiscal  year  1928  at  a  cost 

of  $75,000  or  more  each 


State 


Arizona... 
California. 

Do.... 

Do.... 


Do. 
Do. 


Colorado 

Connecticut. 

Do. , 

Do 

Do 


Florida. 
Do- 


Georgia. 
Do.. 


Do. 


Do. 
Do. 


Idaho 

Kansas 

Kentucky. 

Louisiana. 

Do.... 


Do.... 
Michigan. 


Do. 


Do. 
Do. 


Mississippi. 

Do 

Missouri... 
Montana. 


Do. 


New  Mexico. 
New  York 


Location 


Between  Phoenix  and  Yuma 

Between  Redding  and  Yreka 

Between  Los  Angeles  and  Whittier 

Between  Santa  Barbara  and  San  Luis 

Obispo.  •• 

Between  Los  Angeles  and  Santa  Ana.. 
Between  American  River  and  Sacra- 
mento County  line. 

Between  Craig  and  Meeker 

At  Gaylordsville 

Between  Norwich  and  Putnam 

Between  Hartford  and  Meriden 

Between  Hartford  and  Massachusetts 

State  line. 
Between  Pensacola  and  Milton. 


Between  Brevard  and  St.  Lucie  Coun- 
ties. 

Between  Bainbridge  and  Brinson 

Between  Abbeville,  Ala.,  and  Fort 
Gaines,  Ga. 

Between  Brunswick  and  Florida  State 
line. 

Between  Lyons  and  Baxley 

Between  Elbert  County,  Ga.,  and 
Abbeville  County,  S.  C. 

Between  Sand  Point  and  Washington 
State  line. 

Between  Oklahoma  State  line  and 
Winfleld. 

Between  Prestonburg  and  Paints ville.. 

Between  Pearl  River,  La.,  and  Log- 
town,  Miss. 

Between  Vinton  and  Sabine  River 
bridge. 

Between  Houma  and  Morgan  City 

Between  Monroe  and  Tecumseh 


Between  Hudson  and  Farmington. 

Between  Plymouth  and  Detroit 

Between  Flat  Rock  and  Dearborn. 


Do Between  Laurel  and  Billings. 


North  Carolina. 

North  Dakota.. 

Do 

Ohio 

Oklahoma 

Do.. 

Oregon 

South  Carolina. 

Do 

Do 

Do 


Between  Gulfport  and  Bay  St.  Louis. 

At  Columbus 

At  Fenton 

Between  Poison  and  Kalispell 


Between  St.  Regis  and  Missoula 

Between  Fort  Sumner  and  Vaughn. 
Between  Binghamton  and  Oneonta. 


Between  Morehead  City  and  Beaufort 


Between  Schafer  and  Sanish 

Between  Alexander  and  Williston 

Corporation  line  at  the  city  of  Piqua.. 


Between  Weleetka  and  Wetumka 

Between  Pawnee  and  Ponca  City 

Between  Newport  and  Ilebo 

Between  Charleston  and  St.  Andrews 
Parish. 

Between  Conway  and  Georgetown 

Between  Manning  and  St.  George 

Between  Fort  Lawn  and  Lancaster 


Stream  or  railroad 


Gila  River 

Dog  Creek... 

Rio  Hondo  River 

Santa  Maria  River... 


Santa  Ana  River 

Underpass,   Southern 
Pacific  R.  R. 

Yampa  River 

Housatonic  River 


Overhead  bridges  and 
approaches  over  N. 
Y.,N.H.&H.R.R. 

Escambia    Bay    and 

River. 
Sebastian  River. 


Flint  River 

Chattahoochee  River., 


Satilla  River. 


Altamaha  River. 
Savannah  River. 


Clark's  Fork 

Arkansas  River. 


Levisa    Fork    of   Big 

Sandy  River. 
West  Pearl  River 


Eastern  approach  of 
Sabine  River  bridge. 

Bayou  Boeuf 

Underpass,  Detroit, 
Toledo  &  Ironton 
R.  R. 

Overhead  crossing, 
Pere  Marquette 
R.  R. 

Underpass,  Pere  Mar- 
quette R.  R. 

Underpass,  Detroit, 
Toledo  &  Ironton 
R.  R. 

Bay  St.  Louis 

Tombigbee  River 

Meramec  River 

Flathead  River 

Underpass,  Northern 
Pacific  Ry. 

Clark's  Fork  of  Co- 
lumbia River. 

Pecos  River.. 

Overhead  crossing, 
New  York,  Ontario 
&  Western  Ry. 

Newport  River  (two 
bridges). 

Missouri  River 

Missouri  River 

Overhead  crossing, 
Baltimore  &  Ohio 
R.  R. 

Noi-th  Canadian  River 

Arkansas  River 

Siletz  River... 

Ashley  River 


Pee  Dee  River.. 396,700 

Santee  River 432,100 

Catawba  River |    175,300 


Esti- 
mated 
total 
cost 


$317,400 
119, 600 
91, 600 
110,400 

98, 800 
77, 500 

89,  500 
111,800 

87, 900 

•  160,900 

124,  500 

983, 400 

226, 800 

326, 200 
169, 900 

113, 600 

202, 000 
227, 200 

209, 000 

84, 700 

106, 400 

132, 200 

520, 200 

151, 600 
126, 600 


156, 700 

157,800 
222, 500 


813, 800 
156,900 
108, 100 
99, 900 
80, 000 

85, 600 

123, 300 
83, 400 


528, 500 

436, 600 
584, 700 
128, 600 


83,  700 

256, 100 

113,  100 

1,122,000 
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Table  5. — Federal-aid  hridges  completed  during  the  fiscal  year  1928  at  a  cost 
of  $75,000  or  more  each — Continued 


State 


Location 


Stream  or  railroad 


Esti- 
mated 
total 
cost 


Length 
of  bridge 
and  ap- 
proaches 


Tennessee... 

Do 

Texas 

Do 

.  Do 

Do 

Vermont 

Virginia 

Washington, 


Do 

Do 

West  Virginia 

Do 

'       Do.. 

Wisconsin 


Between  Humbolt  and  Jackson 

Between  Newport  and  North  Carolina 
line. 

Between  Wichita  Falls  and  Randlett, 
Okla. 

Between  Je'^erson  and  Orange  Coun- 
ties at  Beaumont. 

Between  Orange  County  and  Calcasieu 
Parish,  La. 

Between  Palestine  and  Buffalo 

At  Brattleboro -.. 

Between  Warsaw  and  Tappahannock. 
Easterly  city  limits  of  Taeoma 


Between  Ellensburg  and  Quincy. 
Between  Everett  and  Marysville. 


Between  Fairmont  and  Pruntytown. 
At  Gauley  Bridge... 

Between  West  Hamlin  and  Logan 

Between  Milwaukee  and  Pewaukee.. 


Middle   Fork   of  the 

Fork  Deer  River. 
French  Broad  River.. 

Red  River 

Neches  River 

Sabine  River 

Trinity  River  (two 
bridges) . 

West  River. 

Rappahannock  River. 

Over  Puyallup  River 
and  the  Northern 
Pacific,  Union  Pa- 
cific, and  Chicago, 
Milwaukee  &  St. 
Paul  tracks. 

Coluinbia  River 

Four  bridges  over 
Snohomish  River, 
Union  Slough, 
Steamboat  Slough, 
and  Ebey  Slough. 

West  Fork  River 

Gauley  River 

Guyandot  River 

Milwaukee  River 


$83, 500 

111,900 

310,  700 

359, 400 

227,  700 

161,  700 

127, 800 
403, 200 
693, 400 


668, 100 
033, 800 


126, 900 
92. 000 
90,000 

260,400 


Miles 
0.2 


.3 

1.0 

.5 


In  the  preceding  annual  report  the 
hope  was  expressed  that  tlie  use  of 
Federal  aid  funds  in  payment  of  a  part 
of  the  cost  of  important  bridges  would 
be  continued  and  increased.  The  fact 
that  the  mileage  of  bridges  now  under 
construction  and  approved  for  con- 
structio  1  is  greater  than  it  was  a  year 
ago  is  therefore  distinctly  gratifying. 

The  Federal  appropriations  may  very 
appropriately  be  used  for  this  purpose : 
and.  so  used,  they  offer  an  avenue  of 
escape  from  the  dilemma  which  con- 
fronts the  highvpay  departments  of 
many  of  the  States.  Faced  on  one  side 
with  the  need  of  expensive  bridges  to 
span  large  streams  of  important  arter- 
ies, and  on  the  other  with  a  very 
natural  public  desire  to  have  the 
limited  current  revenues  cover  as  many 
miles  as  possible,  the  State  agencies 
may  be  pardoned  for  indecision  as  to 
the  expediency  of  spending  in  a  few 
localities  such  large  sums  as  the  build- 
ing of  large  bridges  entails. 

Taking  advantage  of  this  hesitation 
on  the  part  of  the  public  agencies,  pri- 
vate promoters  have  boen  busy  acquir- 
ing exclusive  franchises  to  build  bridges 
at  commanding  locations  on  the  pub- 
licly built  highways  and,  in  com- 
pensation   therefor,   to   levy  toll  upon 

14827—28 2 


the  annually  increasing  number  of 
travelers. 

An  investigation  made  by  this  bu- 
reau showed  that  on  October  31,  1927, 
there  were  in  operation,  under  con- 
struction, or  proposed,  in  the  United 
States  424  toll  bridges,  of  which  num- 
ber 217  were  on  the  Federal-aid  high- 
way system. 

In  the  first  session  of  the  Seventieth 
Congress  bills  were  introduced  to  au- 
thorize the  construction  of  122  new  toll 
bridges  and  67  were  authorized  by  acts 
passed  and  signed  by  the  President. 

Practically  three  quarters  of  all  these 
bridges  in  operation  or  projected  are  or 
will  be  operated  by  private  interests. 
The  bureau  has  reliable  information 
that  such  interests  have  sought  by  vari- 
ous means  to  obstruct  the  construction 
of  free  or  publicly  operated  toll  bridges 
at  commanding  locations.  They  have 
sought  to  enjoin  the  construction  of 
public  bridges  in  the  courts ;  and  they 
have  attempted  and  in  some  case-!  have 
succeeded  in  blocking  legislation  au- 
thorizing the  construction  of  public 
bridges. 

With  the  purpose  of  discouraging 
such  inipositio  i  of  tolls  upon  users  of 
the  highways  built  in  part  with  Federal 
aid,  the  Federal  law  at  first  prohibited 
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the  expenditure  of  any  part  of  the 
appropriations  made  by  C<mgress  for 
the  construction  of  roads  which  serve 
as  the  immediate  approaches  to  toll 
bridges. 

Recognizing  later  the  occasional  de- 
sirability of  resort  to  the  toll  method 
of  financing  in  the  case  of  briiiges 
built,  cwnod,  and  operate!  by  tho  pub- 
lic itse'f,  the  Congress,  by  nmendmont 
of  the  law,  specifically  authoriz  mI  the 
expenditure  of  Federal  appropriations 
in  payment  of  half  the  cost  of  public 
bridges,  the  State's  portion  of  which  is 
to  l>e  met  by  tol.  collections;  and  Fed- 
eral fiT  ds  may  also  be  used  in  the 
construction  of  approaches  to  such 
public  toll  bridges. 

I*y  taking  advantage  of  this  provi- 
sion of  the  amt'nded  law  a  State  can 
write  off  at  once  half  the  cost  of  much- 
neede  1  large  bridges.  The  remainder 
it  can  finance  without  incurring  a  pub- 
lic debt,  in  the  constitutional  sense.  Iiy 
issuing  revenue  bonds  on  the  security 
of  anticipated  toll  revenues.  By 
adopting  this  course  the  am  unt  to  be 
paid  by  tolls  is  cut  in  half,  the  bi-idge 
can  be  fro<d  in  half  the  time  that 
wou'd  otherwise  be  required  for  the 
payment  of  its  cost,  and  the  public  can 
be  assured  that  it  is  paying  no  unnec- 
essary amount  of  profit  to  private  capi- 
talists. 

There  is  an  active  market  for  toll- 
bridge  bonds,  and  the  public  can  sell 
on  terms  that  ai'e  usually  more  favor- 
able than  those  available  to  private 
builders.  The  existing  public  agencies 
can  erect  and  operate  the  bridges  as 
eflSc'ently  and  economically  as  private 
builders.  Under  public  auspices  there 
is  assurance  of  open  competition  by 
qualified  contracting  organizations  for 
the  construction  of  the  bridge  and  the 
further  assurance  that  the  contract 
will  be  awarded  to  the  lowest  respon- 
sible bidder,  conditions  that  have  been 
noticeab  y  lacking  in  much  of  the  pri- 
vate construction  upon  which  the  pub- 
lic has  been  asked  to  pay  dividends  in 
the  form  of  tolls. 

In  consi 'oration  of  these  and  other 
facts  of  similar  purport,  which  it  has 
established  by  study  and  investigation, 
the  bureau  generally  opposes  the  con- 
struction of  private  toll  bridges  and 
favors  construction  under  public  aus- 
pices whether  or  not  it  be  necessary  to 
resort  to  tolls  as  a  measure  of  finance. 
It  has  recommended  against  the  grant- 
ing of  authority  to  private  interests  in 
numerous  cases,  when  congressional 
bills  have  been  submitted  for  its  con- 
sideration ;  but  in  many  cases  its  rec- 
ommendation   has   not   been    followed. 


The  facts  in  its  possession  were  placed 
befnre  the  Congress  at  the  last  ses- 
sion ;  and  it  is  hoped  that  a  careful 
consideration  of  these  facts  wi  1  lead 
that  bo<ly  to  extend  the  legislative  sup- 
port needed  and  eai-nestly  dcsin  d  by 
the  highway  administrative  authorities 
of  the  Government  and  the  States  in 
dealng  with  this  difficult  problem  of 
major  bridge  construction. 

STANDARD    SIGNS    AND    WAYSIDE 
PLANTING 

By  amendment  of  the  law,  Federal 
appropriations  may  now  be  expend(?d 
to  aid  the  States  in  the  erection  of  the 
standard  numeral  markers  and  direc- 
tion and  danger  signs  adopted  for  the 
United  States  highway  system,  on  all 
parts  of  that  system  that  are  also  in- 
cluded in  the  Federal-aid  system.  This 
permission  extends  to  nearly  the  en- 
tire mileage  of  the  United  States  sys- 
tem, and  during  the  past  year  a  num- 
ber of  the  Sta'es  have  taken  advantage 
of  the  proffered  aid. 

The  erection  of  these  signs  on  the 
principal  transcontinental  highways 
has  contributed  immeasurably  to  the 
convenience  and  safety  of  travel.  The 
signs  are  well  designed  and  easily  un- 
derstood. They  have  quickly  become 
familiar  to  the  traveling  public,  and 
their  erection  is  uniformly  indorsed  by 
road  users. 

The  complete  effectiveness  of  these 
signs  erected  at  public  expense  for  the 
greater  convenience  and  safety  of  trav- 
elers is  hindered  in  some  instances  by 
advertising  signboards  so  placed  as  to 
obscui'e  them  or  withdraw  attention 
from  them.  In  many  cases  such  adver- 
tisements contain  misleading  informa- 
tion, with  regard  to  intermediate  dis- 
tances on  the  highway  and  the  condi- 
tion ot  the  road  ahead,  which  is  belied 
in  less  obtrusive  fashion  by  the  public 
signs.  To  the  extent  that  they  obscure, 
or  contradict,  or  divert  attention  from 
the  proper  road  signs,  these  signboards 
are  a  positive  hindrance  and  menace  to 
the  traveling  public. 

Designedly  placed  where  they  will 
receive  the  utmost  attention,  they  fre- 
quently obscure  or  mar  attractive  road- 
side views  and  so  detract  from  the 
pleasurable  use  of  the  highways.  Ac- 
customed as  we  are  to  their  unwanted 
presence  in  ordinary  surrcmndings,  to 
come  upon  these  blatant  comm.-rcial 
appeals  high  en  the  face  of  a  majestic 
cliff,  marring  a  mountainside,  or  com- 
pletely obscuring  a  particularly  beau- 
tiful vista  still  awakens  a  sense  of 
their  utter  incongruitj'. 
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In  practically  all  cases  these  road- 
side advertisements  merely  repeat  in 
the  same  form  appeals  that  are  ma'le 
quite  properly  and  insistently  through 
other  agencies.  They  are  unneeded  hy 
the  puhlic  and  of  douhtful  value  to  the 
advertisers.  Their  disfigurement  of 
the  landscape  is  a  national  disgrace. 
It  is  hoped  that  means  may  be  fcund 
by  suitable  legislation  to  effect  their 
complete  elimination  upon  all  roads 
constructed  in  part  with  money  appro- 
priated by  the  National  Government. 

The  recent  amendment  of  the  Fed- 
eral highway  act  which  permits  pay- 
ment by  the  Federal  Government  of 
part  of  the  cost  of  wayside  planting 
is  timely.  The  States  of  California, 
Connecticut,  and  Massachusetts,  and 
others  have  already  demonstrated  how 
much  can  be  done  at  small  cost  to  beau- 
tify the  roadsides  by  .iudici<'us  planting 
of  native  trees,  shrubs,  and  perennial 
flowers.  With  the  co!ipe"ation  of  for- 
estry and  horticuHural  authorities  of 
the  States  and  Federal  Givernment 
and  the  support  of  civic  bodies  and 
property  owners  similar  attractive  re- 
sults can  be  quickly  and  cheaply  ob- 
tained in  other  States. 

The  public  acqu'slt'on  of  .suitable 
tracts  of  land  at  intervals  along  the 
highways,  and  the  development  of  such 
tracts  as  State  parks  for  purposes  of 
recreation  and  the  conservaticn  of 
timber  and  animal  life  ;  where  feasible, 
the  acquisition  of  small,  road-border- 
ing scrips  and  plots  for  development 
as  parkways  and  park  ets  ;  thes.e  ideas 
should  appeal  not  only  to  those  who 
have  at  heart  the  enhancement  of  the 
appearance  of  the  roadsides  but  also 
to  all  persons  interested  in  conserva- 
tion and  larger  facilities  for  outdoor 
recreation. 

THE    IMPORTANCE    OF    PLANNING    FOR 
THE  FUTURE 

The  studies  of  the  flow  and  growth 
of  highway  traffic  made  by  the  bureau 
in  recent  years  have  emphasized  the 
fundamental  importance  of  careful 
present  consideration  of  future  needs 
in  reestablishing  the  hcation  and  plan- 
ning the  s1:ructure  of  our  highways. 

Taking  the  country  as  a  whole, 
traffic  on  the  roads  has  doubled  in  less 
than  five  years'  time,  and  in  some 
States  it  is  still  increasing  at  an  even 
more  rajiid  rate. 

The  design  of  motor  vehicles  has 
been  so  perfected  that  speed  consider- 
ably in  excess  of  former  possibilities 
can  be  attained  without  increase  of 
hazard  so  far  as  the  vehicles  them- 
selves are  concerned. 


The  remarkable  developments  that 
have  recently  occurred  in  the  design 
and  use  of  common-carrier  busses  are 
I)robably  no  miu'e  than  the  beginning 
of  a  much  further  development  that  is 
to  occur  in  this  form  of  conveyance. 

Traffic  congestion,  until  recently  a 
serious  problem  only  in  the  cities,  has 
moved  outward  and  now  imposes  its 
time-con;Juming  delays  and  menace  to 
life  and  property  ui)on  the  principal 
highways  in  the  vicinity  of  the  large 
metropolitan  centers. 

These  facts  must  be  taken  into  ac- 
count in  tiie  planning  of  future  Fed- 
eral-aid improvements.  They  point 
e.-j-pecially  to  the  necessitv  of  acquir- 
ing rights  of  way  of  ample  wid.h  to 
allow  for  future  widening  or  the  mak- 
ing of  definite  provision  for  future  ac- 
quisition as  needed;  to  the  importance 
of  designing  tlu>  highways  for  safe  u.se 
at  higher  speeds ;  to  the  desirability 
of  considering  the  improvement  of 
arterial  route  with  the  service  of  the 
entire  route  in  mind ;  and,  in  metropoli- 
tan areas,  to  the  urgency  of  grade- 
crossing  elimination,  wider  pavements, 
and  the  building  of  relief  and  by-pass 
highways. 

FEDERAL  FUNDS  APPORTIONED  AND 
OBLIGATED 

For  the  fiscal  year  1928,  the  Federal- 
aid  appropriation  authorized  by  Con- 
gress was  $75,000,000.  This  sum,  less 
2^2  per  cent  deducted  for  Federal  ad- 
ministration and  highway  research, 
was  apportioned  among  the  several 
States  and  the  Territory  of  Hawaii  on 
December  31,  1926.  The  total  amount 
apportioned  was  $73,125,000,  and  the 
amounts  credited  to  each  State  are 
shown  in  Table  19. 

Although  the  fiscal  jar  for  which 
the  funds  were  authorized  did  not  begin 
until  July  1,  1927,  the  law  provides 
that  agreements  for  the  expenditure 
of  the  money  on  definite  projects  may 
be  entered  into  between  the  State  and 
Federal  authorities  as  soon  as  the 
apportionment  has  been  made,  and  these 
agreements  become  binding  obligations 
of  the  Federal  Government. 

On  June  30,  1927.  at  the  beginning 
of  the  fiscal  .vear,  the  unobligated  bal- 
ance of  all  funds  apporti(tned  including 
the  apportionment  for  the  fiscal  vear 
1928,  was  $09,440,955,  or  nearly  $3,- 
000,000  less  than  the  apportionment  for 
the  year. 

This  balance  was  available  for  obli- 
gation under  agi-eements  negotiated 
subsequent  to  the  beginning  of  the 
fiscal  year.  On  December  1,  1927,  the 
amount  available  was  again  increased 
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hy  $73,125,000,  the  amount  apportioned 
of  the  funds  authorized  for  the  fiscal 
year  1929.  On  June  30,  1928,  the  un- 
obligated balance  of  all  available 
funds — including  those  for  the  fiscal 
year  1929— was  $53,643,770.  In  other 
wordfi,  there  had  already  been  obligated, 
before  the  be.iiinning  of  the  new  fiscal 
year,  nearly  $20,000,000  of  the  $73,- 
125,000  authorized  for  that  year.  This 
is  in  accordance  with  the  provision  of 
the  law  which  directs  the  Secretary  of 
Agriculture  to  apportion  ths  authorized 
appropriations  six  months  before  the 
beginning  of  the  fiscal  .vear  for  which 
they  are  authorized  and  authorizes  him 
to  incur  obligations  thereunder  imme- 
diately. 

It  is  apparent  from  the  above  that 
the  sum'!  obligated  during  the  fiscal 
yeai's  1927  and  1928  exceeded  the  sums 
authorized  and  apportioned  for  those 
y  ars,  and  reference  to  Table  6  will 
show  that  this  condition  has  existed 
since  the  fiscal  year  1923. 

Table  G. — Federal-aid  funds  appor- 
ticmcd  to  the  States  and  obligated  6t/ 
thnn   for   the  fiscal   years   1923    to 

1928,  incluswe 


Fiscal  year 

Apportioned 

amount  of 

appropriation 

authorized 

for  the  year 

Amount  of 
Federal-aid 

funds 

obligated 

during  the 

year 

1923 

$48,  750, 000 
63, 375,  000 
73, 125,  000 
73, 125, 000 
73, 125, 000 
73, 125, 000 

$77, 461,  559 

1924 

89,  866, 864 

1925 

87, 294,  396 

1926   

79, 608, 897 

1927 

77, 453, 046 

1928.- 

88,  922, 185 

Total 

404,  625, 000 
67, 437, 500 

500, 606, 947 

Average 

83, 434, 491 

For  the  6  year  period  (1923  to  1928, 
inclusive)  the  average  amount  obli- 
gated annually  was  $83,4.34.491  (Table 
6).  and  the  average  sum  apportioned 
was  $67,437,500.  At  the  close  of  each 
year  of  this  i>erio(l  the  unobligated 
balance  has  been  smaller  thin  at  the 
close  of  the  previous  year,  and  at 
present  the  balance  available  of  all 
funds  thus  far  apportioned,  including 
those  for  the  ensuing  fiscal  year 
(1929).  is  less  by  neirly  $20,000,000 
than  the  authorized  appropriation  for 
the  latter  year. 

It  is  apparent  from  the  foregoing 
analysis  that  for  several  years  the 
Federal-aid  road  program  his  ex- 
cee  led  the  amount  of  appropriations 
currently    authorized.      Prior    to    the 


fiscal  year  1927  the  excess  of  obliga- 
tions over  authorizations  served  to  re- 
duce the  accumulated  unobligated  bal- 
ance of  earlier  authorizations.  In 
that  year  the  accumulated  balance  was 
wiped  out,  and  the  accustomed  rate 
of  obligation  has  been  maintained  only 
by  heavy  obligation  of  funds  author- 
ized for  the  succeeding  yeir  in  the 
six  months  between  the  date  of  their 
apportionment  and  the  beginning  of 
the  new  fiscal  year.  Obviously  this 
practice  is  self-terminating,  and  it 
will  be  necessary  eventually  either  to 
reduce  the  annual  program  or  increase 
the  appropriations  annually  author- 
ized. 

COST  OF  THE  ROADS 

The  total  cost  of  the  8,184  miles 
of  initial  construction  and  the  2,014 
miles  of  stage  construction  completed 
during  the  year  was  $205,043,784,  of 
which  the  Federal  Government  paid 
$88  056,984,  or  43  per  cent,  and  the 
States  the  balance.  These  expendi- 
tures were  made  over  the  period  re- 
quired to  construct  the  roads  brought 
to  completion  during  the  year,  which 
was  approximately  two  years.  During 
the  same  period  additional  expendi- 
tures were  made  upon  other  projects 
under  construction. 

The  actual  disbursement  of  Federal- 
aid  funds  during  the  year  was  $80,- 
802,232  55,  as  shown  in  Table  19.  This 
expenditure  was  about  a  half  million 
dollars  less  than  the  expenditure  of 
the  previous  year. 

The  largest  disbursements  during 
the  year  were  made  to  Illinois,  Iowa, 
Kansas,  New  York,  Pennsylvania,  and 
Texas.  To  e'ich  of  these  States  the 
Federal  Government  paid  during  the 
year  more  than  $3,000,000.  All  other 
States  received  less  than  that  amount. 

SUMMARY    OF    FEDERAL-AID    ROAD 
WORK,  BY  STATES 

The  progress  made  in  each  of  the 
States  during  the  year  and  the  results 
of  the  12  years  of  Federal-aid  road 
construction  are  set  forth  in  the  follow- 
ing condensed  summary  ^or  each 
State. 

ALABAMA 

The  Federal-aid  highway  system  in- 
cludes 3,884  miles,  of  which  1,748  miles 
have  been  improved  with  Federal  aid. 
Of  the  improved  mileage,  310  miles 
were  added  during  the  year.  At  the 
close  of  the  year  270.5  miles  were  un- 
der construction  and  48.7  miles  were 
approved. 
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The  mileage  improved  with  Federal 
aid  consists  of  65.7  miles  of  graded  and 
drained  earth  roads,  524.7  miles  of 
snnd-clay,  88(18  miles  of  gravel,  11.6 
miies  of  water-bound  macadam,  74.1 
miles  of  bituminous  macadam,  87.5 
miles  of  bituminous  concrete,  and  Dl.S 
miles  of  Portland  cement  concrete,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  5.8  miles. 

The  total  cost  of  all  Federal-aid 
roiids  completed  during  the  year,  iu- 
cltiding  1.9  miles  of  stage  construction, 
was  $4,495,050.49  of  which  the  Federal 
share  w.is  $2.178,119'.49.  The  disburse- 
ment of  Federal  funds  to  the  State  was 
$2,759,986.85.  The  unobligated  balance 
available  on  June  30,  1928,  of  all  ap- 
propriations jiuthorized  and  appor- 
tioned up  to  that  date  was  $1,645,844.81. 

ARIZONA 

The  Federal-aid  highway  system  in- 
cludes 1,498  miles,  of  which  851.4 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  16.1 
miles  were  added  during  the  year.  At 
the  close  of  the  year  86  miles  were 
under  constniction. 

The  mileage  improved  with  Federal 
aid  consists  of  124.7  miles  of  gnided 
and  drained  earth  roads,  115.8  miles  of 
sand-clay,  458.2  miles  of  gravel,  14.2 
miles  of  water-bound  macadam,  26.6 
miles  of  bituminous  concrete,  and  108.9 
miles  of  Portland  cement  concrete,  in 
addition  to  which  there  are  bridges 
with  a  totnl  length  of  3  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year  was 
$655,349.80  of  which  the  Federal  share 
was  $467,215.24.  The  disbursement  of 
Federal  funds  to  the  State  was  $422,- 
436.01.  The  unobligated  balance  avail- 
able on  June  30,  1928,  of  all  appro- 
priations authorized  and  apportioned 
up  to  that  date  was  $2,896,024.65. 

ARKANSAS 

The  Federal-aid  highway  system  in- 
cludes 5,021.1  miles,  of  which  1,678.2 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  90.7 
miles  were  added  during  the  year.  At 
the  close  of  the  year  180.7  miles  were 
under  construction  and  9.9  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  11.3  miles  of  graded  and 
drained  earth  roads,  3  miles  of  sand- 
clay,  1,122.3  miles  of  gravel,  48.3  miles 
of  water-bound  macadam,  112.2  miles 
of  bituminous  ftiacadam,  256.3  miles 
of  bituminous  concrete,  and  120.9  miles 


of  Portland  cement  concrete,  in  addi- 
tion to  which  there  are  bridges  with  a 
total  length  of  3.9  miles. 

The  total  cost  of  all  Federal  aid 
roads  completed  during  the  year  was 
$954,845.03.  of  which  the  Federal  share 
was  $445,342.40.  The  disbursement  of 
Federal  funds  to  the  State  was  $796,- 
612.86.  The  unobligated  balance  avail- 
able on  June  30,  1928,  of  all  appropri- 
ations authorized  and  apportioned  up. 
to  that  date  was  $1,766,771.75 

CALIFORNIA 

The  Federal-aid  highway  system  in- 
cludes 4,771.5  miles,  of  which  1,455.6 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  98.5 
miles  were  added  during  the  year.  At 
the  close  of  the  year  120.7  miles  were 
under  construction  and  43.7  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  315.8  miles  of  graded 
and  drained  earth  roacs,  357  miles  of, 
gravel,  18.7  miles  of  water  bound  mac- 
adam, 63.7  miles  of  bituminous  mac- 
adam 14^.6  miles  of  bituminous  con- 
crete, 553  miles  of  Portland  cement 
concrete,  in  addition  to  which  there 
are  bridges  with  a  total  length  of  5.8 
miles. 

The  total  cost  all  Federal-aid  roads 
completed  during  the  year  was  $4,395,- 
894.90,  of  which  the  Federal  share  was 
$1,771,379.44.  The  disbursement  of 
Federal  funds  to  the  State  was  $2,444,- 
944.39.  The  unobligated  balance 
available  on  June  30,  1928,  of  all  ap- 
propriations authorized  and  appor- 
tioned up  to  that  date  was  $3,363,- 
012.39. 

COLORADO 

The  Federal-aid  highway  system 
includes  3,332  miles,  of  which  979.3 
m.les  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  24.9 
miles  were  added  during  the  year.  At 
the  close  of  the  year  189.4  miles  were 
under  construction  and  12.7  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  226.2  miles  of  graded 
and  drained  earth  roads,  96.2  miles  of 
sand-clay,  426.5  miles  of  gravel,  4  miles 
of  bituminous  concrete,  and  219.4  miles 
of  Portland  cement  concrete,  in  addi- 
tion to  which  there  are  bridges  with  a 
total  length  of  7  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 3.2  miles  of  stage  construction, 
was  $905,351.91  of  which  the  Federal 
share  was  $455,668.30.     The  disburse- 
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FLORIDA 

The  Fcflera'-:ii(l  bifrhway  system  in- 
cludes l.n2(i  miles,  of  which  38o..S  miles 
have  been  iiiiijidved  with  Federal  aid. 


ment  of  Federal  funds  to  the  State  was 
$1,371,058.74.  The  unoblijrated  balance 
available  on  June  30,  1928,  of  all  ap- 
propriat.ons  authorized  and  appor- 
tio;  ed  up  to  that  date  was  $2,573.- 
202.04. 

CONNECTICUT 

The  Federal-aid  highway  system  in- 
cludes 835.4  miles,  of  which  206.5  miles 
have  been  impn  ved  with  Federal  aid. 
Of  the  improved  mileage,  55.5  miles 
were  added  during  the  year.  At  the 
close  of  the  year  34.4  mdes  were  under 
construction  and  3.6  miles  were  ap- 
proved. 

The  mileage  improved  with  Federal 
aid  consists  of  0.2  mile  of  gravel,  17.4 
miles  of  water-bound  macadam,  27 
miles  of  bituminous  macadam.  0.6  mii(^ 
of  bituminous  concrete,  and  15S.0  miles 
of  Portland  cement  concrete,  in  addi- 
tion to  wh  ch  there  are  bridges  with  a 
total  length  of  2.4  miles. 

The  total  co.st  of  all  Federal-ad 
roads  completed  during  the  year  was 
$3,906,025.81  of  which  the  Federal 
share  was  $1,124,080.50.  The  disburse- 
ment of  Federal  funds  to'  the  State 
was  $415289.33.  The  unobligated  bal- 
ance ;ivailal)'e  on  June  30,  1928.  of  all 
appropriations  authorized  and  :\ppor- 
tioned  up  to  that  date  was  $506,752.61. 

DELAWARE 

The  Federal-aiil  highway  system  in- 
clnd  s  431.5  miles,  of  which  195.7  miles 
have  been  improved  with  Federal  aid. 
Of  the  improved  nnleagc,  35  miles  were 
addeil  during  the  year.  At  the  close  of 
the  year  5.7  miles  were  under  construc- 
tion and  12.9  miles  were  approved. 

The  milcjige  improved  with  Federal 
aid  consists  of  5  miles  of  w.iter  bound 
macadam.  7  mi  es  of  bituminous  mac- 
adam, 13.7  miles  of  hifuminous  con- 
crete. 167  2  miles  of  Portland  cement 
concrete,  and  2.3  mi'es  of  brick,  in  ad- 
dition to  wh'ch  there  are  bridges  with 
a  total  length  of  0.5  mile. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  vear  was 
$808,932.97.  of  which  the  Federal  share 
was  $.361,314.04.  The  disbur.sement  of 
Federal  funds  to  the  State  was  $396. 
176.(;o.  The  u'lobligated  balance  avail- 
able on  .June  30.  1928.  of  all  appropi-ia- 
tions  authorize  1  and  apportioned  up  to 
that  date  was  $190,680.44. 


Of  the  improved  mileage,  75.6  miles 
were  add.d  during  the  year.  At  the 
close  of  the  .year  99  7  miles  were  under 
construction  and  30.7  miles  were  ap- 
proved. 

The  mileage  improved  with  Federal 
aid  consists  of  9  miles  of  graded  and 
drained  earth  roads,  15.7  miles  of  sand- 
clay,  69.8  miles  of  gravel,  29.8  miles  of 
water-bound  macadam.  78.9  miles  of 
bituminous  macadam,  42  miles  of  bitu- 
minous concrete,  123.4  miles  of  Port- 
land cement  concrete,  and  10.1  miles  of 
brick,  in  addition  to  which  there  are 
bridges  with  a  total  length  of  7.1 
miles. 

The  total  cost  of  all  Federal-aid 
r(;ads  completed  during  the  year  was 
$3.497. .582.47.  of  which  the  Federal 
share  was  Ji^l, 556.930.83.  The  disburse- 
nieui  of  Ke  leral  funds  to  the  State  was 
$1,261,265.91.  The  unobligated  balance 
available  on  June  30, 1928,  of  all  appro- 
priations authorized  and  apportioned 
up  to  that  date  was  $1,210,489.75. 

GEORGIA 

The  Federal-aid  highway  system  in- 
cludes 5,576.7  miles,  of  which  2.457.5 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  118.2 
miles  were  addd  during  tiie  year.  At 
the  close  of  the  ytar  168.2  miles  were 
Ui  der  construction  and  102.3  miles 
were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  210.5  miles  of  graded 
and  drained  earth  roads,  1,173.4  miles 
of  sand-clay,  413.6  miles  of  gravel.  86.9 
miles  of  water-liound  macadam,  134.3 
mil's  of  bi luminous  macadam,  26.8 
mdes  of  bituminous  concrete,  38-4.4 
miles  of  Portland  cement  concrete,  and 
0  5  mile  of  brick,  in  addition  to  which 
there  are  brid,ges  with  a  total  length 
of  27.1  miles. 

The  total  cf)st  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 90.9  miles  of  stage  construc- 
tion, was  $4,840,753.53,  of  which  the 
Federal  share  was  $2,227,438.42.  The 
disliuisement  of  Federal  funds  to  the 
State  was  $2,200,205.94.  The  unobli- 
gated balanie  available  on  June  30, 
1928.  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$17,567.82. 

IDAHO 


The  Federal-aid  highway  system  in- 
cludes 2  770  miles,  of  which  937.1  miles 
have  been  imjiroved  with  Federal  aid. 
Of  (he  improved  mileage,  43.5  miles 
were  added  during  the  year.  At  the 
close  of  the  year  116.5  miles  were  under 
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coustruction  and  101.6  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  185.2  miles  of  graded 
and  drained  earth  roads,  13.9  miles  of 
sand-clay,  592  miles  of  gravel,  22.5 
miles  of  water-bound  macadam,  4  9 
miles  of  bituminous  macadam,  79.S 
miles  of  bituminous  concrete,  and  30.3 
miles  of  Portland  cement  concrete,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  3  mils. 

The  total  cost  of  all  Federal-aid  roads 
completed  during  the  year,  including 
32  2  miles  of  stage  construction,  was 
$1,187,587.09  of  \vhich  the  Federal 
share  was  $729,934.10.  The  disburse- 
ment of  Federal  funds  to  the  State  was 
$930,021.88.  The  unobligated  balance 
available  on  June  30,  1928.  of  all  appro- 
priations authorized  and  apportioned 
up  to  that  date  was  $138  890.41. 

ILLINOIS 

The  Federal-aid  highway  system  in- 
cludes 6.618.5  miles,  of  which  1,085.4 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  142.2 
miles  were  added  during  the  year.  At 
the  close  of  the  year  020.1  miles  were 
under  construction  and  148  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  110.3  miles  of  graded 
and  drained  earth  roads,  0.4  mile  of 
gravel,  3  4  miles  of  bituminous  ma- 
cadam, 8.1  miles  of  bituminous  co  i- 
crete,  1,5-36  nu  es  of  Portland  cement 
concrete,  and  25.8  miles  of  brick,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  1.4  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year  was 
$3,918,735.90,  of  which  the  Federal 
share  wa^  $1,901,874.76.  The  disburse- 
ment of  Federal  funds  to  the  State  was 
$3,021,486  88.  The  unobligated  balance 
available  on  June  30.  1928,  of  all  aiipro- 
prlations  authorized  and  apportioned 
up  to  that  date  was  $114,597.22 

INDIANA 

The  Federal-aid  highway  system  in- 
cludes 4.701.5  mi  es,  of  which  1,060.1 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  222.1 
miles  were  added  during  the  year.  At 
the  clo.se  of  the  year  314.2  miles  were 
under  construction  and  613  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  13.5  miles  of  graded 
and  drained  eaith  roacs,  42.2  miles 
of  gravel,  41.6  miles  of  water-bound 
macadam,    23.4    miles    of    bituminous 


macadam,  12  miles  of  bituminous  con- 
crete, 917.2  miles  of  Portland  cement 
concrete,  and  6.6  miles  of  brick,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  3.6  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  was 
$6,007,355.89  of  which  the  Federal 
share  was  $2,915,222.26.  The  disburse- 
ment of  Federal  funds  to  the  State  was 
$2,767,823.43.  The  unobligated  bal- 
ance available  on  June  30,  1928,  of  all 
appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $267,083  14. 

IOWA 

The  Federal-aid  highway  system  in- 
cludes 7,212  miles,  of  wh'ch  2,831.5 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  378.8 
miles  were  added  during  the  year. 
At  the  close  of  the  year  145.2  miles 
were  under  construction  and  10.2  miles 
were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  1,455.6  miies  of  graded 
and  drained  earth  roads,  566  2  miles 
of  gravel,  786  miles  of  Portland  cement 
ccmcrcLe,  and  22  miles  of  brick,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  1.7  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 84  7  miles  of  stage  construction, 
was  $8,915,667.75,  of  which  the  Federal 
share  was  $4,115,257.62.  The  disburse- 
ment of  P>deral  funds  to  the  State  was 
$3,507,729.88.  The  unobligated  balance 
avaihible  on  June  30,  1928,  of  all  ap- 
propriations authorized  and  appor- 
tioned up  to  that  date  was  $171,307.77. 

KANSAS 

The  Federal-aid  highway  system  in- 
cludes 7,025  miles,  of  which  2.202.4 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  578.3 
miles  were  added  during  the  year.  At 
tlie  clo.-^e  of  the  year  242.8  miles  were 
under  construction  and  106.3  miles 
were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  877.3  miles  of  graded 
and  drained  earth  roads,  217.1  miles 
of  sand-clay,  229.8  miles  of  grav.  1.  4.5 
miles  of  water-bound  macadam.  113.9 
mJles  of  bituminous  macadam,  3.5 
miles  of  bituminous  concrete,  590  miles 
of  Portland  cement  concrete,  and  153.9 
miles  of  brick,  in  addition  to  which 
there  are  bridges  with  a  total  length  of 
12.4  miles. 

The  total  cost  of  all  Federal-aid 
roads   completed  during  the  year,   in- 
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eluding  18  miles  of  stage  construction, 
was  $9,592,174.56,  of  which  the  Federal 
share  was  $4,023,845.38.  The  disburse- 
ment of  Federal  funds  to  the  State  was 
$3,071,637.66.  The  unobligated  balance 
available  on  June  30,  1928,  of  all  ap- 
propriations authorized  and  appor- 
tioned up  to  that  date  was  $1,284,552.84. 

KENTUCKY 

The  Federal-aid  highway  system  in- 
cludes 3,702.5  miles,  of  which  1,148.9 
miles  have  been  improved  with  Fed- 
eral aid.  Of  the  improved  mileage, 
250.9  miles  were  added  during  the 
year.  At  the  close  of  the  year  227. 4 
miles  were  under  construction  and  62.7 
miles  were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  522  miles  of  graded  and 
drained  earth  roads,  246.1  miles  of 
gravel,  41.3  miles  of  water-bound  mac- 
adam, 182.2  miles  of  bituminous  mac- 
adam, 1  mile  of  bituminous  concrete, 
150.2  miles  of  Portland  cement  con- 
crete, and  3.9  miles  of  brick,  in  addi- 
tion to  which  there  are  bridges  with 
a  total  length  of  2.2  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 30.7  miles  of  stage  construc- 
tion, was  $5,421,784.29,  of  which  the 
Federal  share  was  $2,361,246.84.  The 
disbursement  of  Federal  funds  to  the 
State  was  $2,214,946.66.  The  unobli- 
gated balance  available  on  June  30, 
1928,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$529,296.09. 

LOUISIANA 

The  Federal-aid  highway  system  in- 
cludes 2,712.9  miles,  of  which  1,276 
miles  have  been  improved  with  Fed- 
eral aid.  Of  the  improved  mileage, 
61.5  miles  were  added  during  the  year. 
At  the  close  of  the  year  193  miles  were 
under  construction  and  8.8  miles  were 
aijproved. 

The  mileage  improved  with  Federal 
aid  consists  of  25.6  miles  of  graded  and 
drained  earth  roads,  1,173.3  miles  of 
gravel,  3.2  miles  of  water-bound  mac- 
adam, 9.5  miles  of  bituminous  mac- 
adam, 33.5  miles  of  bituminous  con- 
crete, and  22.8  miles  of  Portland  ce- 
ment concrete,  in  addition  to  which 
there  are  bridges  with  a  total  length 
of  8.1  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 7.5  miles  of  stage  construction, 
was  $2,647,414.58,  of  which  the  Fed- 
eral share  was  $1,086,023.19.  The  dis- 
bursement   of    Federal    funds    to    the 


State  was  $959,664.41.  The  unobli- 
gated balance  available  on  June  30, 
1928,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$317,573.20. 

MAINE 

The  Federal-aid  highway  system  in- 
cludes 1,428.9  miles,  of  which  428.7 
miles  have  been  improved  with  Fed- 
eral aid.  Of  the  improved  mileage, 
65  8  miles  were  added  during  the  yeir. 
At  the  close  of  the  year  39.7  miles 
were  under  construction  and  14.2 
miles  were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  192  miles  of  gravel, 
157.2  miles  of  bituminous  macadam, 
and  79.1  miles  of  Portland  cement  con- 
crete, in  addition  to  which  there  are 
bridges  with  a  total  length  of  0.4 
mile. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year  was 
$2,319,089.55,  of  which  the  Federal 
share  was  $808,50150.  The  disburse- 
ment of  Federal  funds  to  the  State 
was  $469,884.26.  The  unobligated  bal- 
ance available  on  June  30,  1928,  of  all 
appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $1,380,- 
996.50. 

MARYLAND 

The  Federal-aid  highway  system  in- 
cludes 1,527.7  miles,  of  which  557.5 
miles  have  been  improved  with  Fed- 
eral aid.  Of  the  improved  mileage, 
75.6  miles  were  ndded  during  the  yrar. 
At  the  close  of  the  year  30  miles  were 
under  construction  and  38.6  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  4.7  miles  of  graded 
and  drained  earth  roads,  81.5  miles 
of  gravel,  0  2  mile  of  water-bound 
macadam,  200.1  miles  of  bituminous 
macadam,  17  miles  of  bituminous  con- 
crete, and  304  miles  of  Portland 
cement  concrete. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year  was 
$1,481,188.35,  of  which  the  Federal 
share  was  $696,177.50.  The  disburse- 
ment of  Federal  funds  to  the  State 
was  $555,946.88.  The  unobligated  bal- 
ance available  on  June  30,  1928,  of  all 
appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $143,816.23. 

MASSACHUSETTS 

The  Federal-aid  highway  system  In- 
cludes 1,308  miles,  of  which  501.1  miles 
have  been  improved  with  Federal  aid. 
Of  the  improved  mileage,   60.5  miles 
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were  added  during  the  year.  At  the 
close  of  the  year  71.4  miles  were  under 
construction  and  5.6  miles  were  ap- 
proved. 

The  mileage  improved  with  Federal 
aid  consists  of  0.4  mile  of  gravel,  3.5 
miles  of  water-bound  macadam,  259.2 
miles  of  bituminous  macadam,  50.5 
miles  of  bituminous  concrete,  and  183.1 
miles  of  Portland  cement  concrete,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  4.4  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year  was 
$2,957,259.58,  of  which  the  Federal 
share  was  $957,873.69.  The  disburse- 
ment of  Federal  funds  to  the  State 
was  $676,811.29.  The  unobligated  bal- 
ance available  on  June  30,  1928,  of  all 
appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $2,151,- 
418.10. 

MICHIGAN 

The  Federal-aid  highway  system  in- 
cludes 5,243  miles,  of  which  1,337.3 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  175.8 
miles  were  added  during  the  year.  At 
the  close  of  the  year  328.5  miles  were 
under  construction  and  29.4  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  10.4  miles  of  graded  and 
drained  earth  roads,  364.5  miles  of 
gravel,  18.9  miles  of  water-bound  ma- 
cadam, 10.4  miles  of  bituminous  ma- 
cadam, 73.4  miles  of  bituminous  con- 
crete, 857.7  miles  of  Portland  cement 
concrete,  and  0.4  mile  of  brick,  in  ad- 
dition to  which  there  are  bridges  with 
a  total  length  of  1.6  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year  was 
$5,431,692.50,  of  which  the  Federal 
share  was  $2,369,018.36.  The  disburse- 
ment of  Federal  funds  to  the  State 
was  $2,326,490.95.  The  unobligated 
balance  available  on  June  30,  1928,  of 
all  appropriations  authorized  and  ap- 
portioned up  to  that  date  was  $627,- 
344.95. 

MINNESOTA 

The  Federal-aid  highway  system  in- 
cludes 6,849.6  miles,  of  which  3,823.8 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  248.7 
miles  were  added  during  the  year  At 
the  close  of  the  year  305.9  miles  were 
under  construction  and  49.8  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  656.4  miles  of  graded 
and  drained  earth  roads,  6.2  miles  of 
sand-clay,  2,522.3  miles  of  gravel,  32.7 
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miles  of  bituminous  concrete,  and  605.5 
miles  of  Portland  cement  concrete,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  0.7  mile. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 110.3  miles  of  stage  construc- 
tion, was  $5,852,424.86  of  which  the 
Federal  share  was  $2,001,398.90.  The 
disbursement  of  Federal  funds  to  the 
State  was  $1,986,635.11.  The  unobli- 
gated balance  available  on  June  30. 
1928,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$398,471.43 

MISSISSIPPI 

The  Federal-aid  highway  system  in- 
cludes 3,604  miles,  of  which  1,533.6 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage  187.8 
miles  were  added  during  the  year.  At 
the  close  of  the  year  228.3  miles  were 
under  construction  and  11.5  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  212.4  miles  of  graded 
and  drained  earth  roads,  16.6  miles  of 
sand-clay,  1,081.5  miles  of  gravel,  11.1 
miles  of  water-bound  macadam,  1  mile 
of  bituminous  macadam,  9.5  miles  of 
bituminous  concrete,  186.1  miles  of 
Portland  cement  concrete,  and  9.7  miles 
of  brick,  in  addition  to  which  there  are 
bridges  with  a  total  length  of  5.7  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 36  miles  of  stage  construction, 
was  $4,633,642,  of  which  the  Federal 
share  was  $2,246,390.87.  The  disburse- 
ment of  Federal  funds  to  the  State 
was  $1,839,908.75.  The  unobligated 
balance  available  on  June  30,  1928,  of 
all  appropriations  authorized  and  ap- 
portioned up  to  that  date  was  $892,- 
222.08. 

MISSOURI 

The  Federal-aid  highway  system  in- 
cludes 7,530  miles,  of  which  2,210.1 
miles  have  been  improved  with  Fed- 
eral aid.  Of  the  improved  mileage, 
171.7  miles  were  added  during  the  year. 
At  the  close  of  the  year  132.8  miles 
were  under  construction  and  46.3  miles 
were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  375.3  miles  of  graded 
and  drained  earth  roads,  844.7  miles  of 
gravel,  7.4  miles  of  water-bound  mac- 
adam, 50.8  miles  of  bituminous  mac- 
adam, 17.7  miles  of  bituminous  con- 
crete, 884.1  miles  of  Portland  cement 
concrete,  and  20.9  miles  of  brick,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  9.2  miles. 
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The  total  cost  of  all  Fefleral-aid 
roads  completed  during  the  year,  in- 
cluding 22.1  miles  of  stage  construc- 
tion, was  $4,004,271.51,  of  which  the 
Federal  share  was  $2,099,546.14.  The 
disbursement  of  Federal  funds  to  the 
State  was  $2,658,532.48.  The  unobli- 
gated balance  available  on  June  30, 
1928,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$1,550,939.55. 

MONTANA 

The  Federal-aid  highway  system  in- 
cludes 4,673.5  miles,  of  which  1,299.3 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  142.1 
miles  were  added  during  the  year.  At 
the  close  of  the  year  275.6  miles  were 
under  construction  and  235.1  miles 
were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  219.5  miles  of  graded 
and  drained  earth  roads,  5.6  miles  of 
sand-clay,  1,011  miles  of  gravel,  17. S 
miles  of  water-bound  macadam,  6.9 
miles  of  bituminous  macadam,  2.S 
miles  of  bituminous  concrete,  and  31.9 
miles  of  Portland  cement  concrete,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  3.8  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 9.2  miles  of  stage  construction, 
was  $1,734,065.14,  of  which  the  Federal 
share  was  $1,133,573.73.  The  disburse- 
ment of  Federal  funds  to  the  State 
was  $1,778,896.60.  The  unobligated  bal- 
ance available  on  June  30,  1928,  of  all 
appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $4,353,988.31. 

NEBRASKA 

The  Federal-aid  highway  system  in- 
cludes 5,578.9  miles,  of  which  3,032.3 
miles  have  been  improved  with  Fed- 
eral aid.  Of  the  improved  mileage, 
589.1  miles  were  added  during  the  year. 
At  the  close  of  the  year  644.1  miles 
were  under  construction. 

The  mileage  improved  with  Federal 
aid  consists  of  476.8  miles  of  graded 
and  drained  earth  roads,  1,612.5  miles 
of  sand-clay,  828.5  miles  of  gravel,  13.8 
miles  of  bituminous  concrete,  74.6  miles 
of  Portland  cement  concrete,  and  19.6 
miles  of  brick,  in  addition  to  which 
there  are  bridges  with  a  total  length  of 
6.5  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 387.8  miles  of  stage  construc- 
tion,  was   $5,960,353.53,   of  which   the 


Federal  share  was  $2,781,546.22.  The 
disbursement  of  Federal  funds  to  the 
State  was  $2,653,649.87.  The  unobli- 
gated balance  available  on  June  30, 
1928,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$1,999,143.13. 

NEVADA 

The  Federal-aid  highway  system  in- 
cludes 1,513  miles,  of  which  1,018.6 
mile.s  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  106.2 
miles  were  added  during  the  year.  At 
the  close  of  the  year  137.3  miles  were 
under  construction. 

The  mileage  improved  with  Federal 
aid  consists  of  51.4  miles  of  graded  and 
drained  earth  roads,  14  miles  of  sand- 
clay,  854.3  miles  of  gravel.  28.8  miles 
'of  water-bound  macadam,  20.6  miles  of 
bituminous  macadam,  2  miles  of  bitu- 
minous concrete,  and  44.9  miles  of 
Portland  cement  concrete,  in  addition 
to  which  there  are  bridges  with  a  total 
length  of  2.6  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 27.4  miles  of  stage  construc- 
tion, was  $1,052,032.79,  of  which  the 
Federal  share  was  $908,656.42.  The 
disbursement  of  Federal  funds  to  the 
State  was  $937,054.96.  The  unobli- 
gated balance  available  on  June  30, 
1928,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$595,556.89. 

NEW  HAMPSHIRE 

The  Federal-aid  highway  system  in- 
cludes 980.9  miles,  of  which  305.6  miles 
have  been  improved  with  Federal  aid. 
Of  the  improved  mileage,  37.1  miles 
were  added  during  the  year.  At  the 
close  of  the  year  19  miles  were  under 
construction  and  9.2  miles  were  ap- 
proved. 

The  mileage  improved  with  Federal 
aid  consists  of  99.2  miles  of  gravel,  66.2 
miles  of  water-bound  macadam,  88.6 
miles  of  bituminous  macadam,  32.9 
miles  of  bituminous  concrete,  and  13.7 
miles  of  Portland  cement  concrete,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  5  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  was 
$1,208,093.27,  of  which  the  Federal 
share  was  $544,659.08.  The  disburse- 
ment of  Federal  funds  to  the  State  was 
$371,194.25.  The  unobligated  balance 
available  on  June  30,  1928,  of  all  ap- 
propriations authorized  and  appor- 
tioned up  to  that  date  was  $65,727.25. 
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NEW  JERSEY 

The  Federal-aid  highway  system  in- 
cludes 1.1817  miles,  of  which  418.3 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  73.2 
miles  were  added  during  the  year.  At 
the  close  of  the  year  71.3  miles  were 
under  construction. 

The  mileage  improved  with  Federal 
aid  consists  of  8.9  miles  of  graded  and 
drained  earth  roads,  4.7  miles  of 
gravel,  21.9  miles  of  bituminous  con- 
crete, and  380.5  miles  of  Portland  ce- 
ment concrete,  in  addition  to  which 
thei'e  are  bridges  with  a  total  length 
of  2.3  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  was 
$3,947,540.98,  of  which  the  Federal 
share  was  $1,104,039.78.  The  disburse- 
ment of  Federal  funds  to  the  State 
was  $1,319,535.  The  unobligated  bal- 
ance available  on  June  30,  1928,  of  all 
appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $253,177. 

NEW  MEXICO 

The  Federal-aid  highway  system  in- 
cludes 3,298  miles,  of  which  1,740.3 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  180.1 
miles  were  added  during  the  year.  At 
the  close  of  the  year  155.2  miles  were 
under  construction  and  56.1  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  244.2  miles  of  graded 
and  drained  earth  roads,  5.1  miles  of 
sand-clay,  1,416.6  miles  of  gravel,  0.7 
mile  of  bituminous  concrete,  and  70.9 
miles  of  Portland  cement  concrete,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  2.8  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year  was 
$2,527,839.60,  of  which  the  Federal 
share  was  $1,957,717.94.  The  disburse- 
ment of  Federal  funds  to  the  State 
was  $1,417,762.65.  The  unobligated 
balance  available  on  June  30,  1928, 
of  all  appropriations  authorized  and 
apportioned  up  to  that  date  was 
$894,813.28. 

NEW  YORK 

The  Federal-aid  highway  system  in- 
cludes 5,451  miles,  of  which  1,864.8 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  385 
miles  were  added  during  the  year.  At 
the  close  of  the  year  460.6  miles  were 
under  construction  and  116.9  miles 
were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  12.9  miles  of  graded  and 


drained  earth  roads,  4.6  miles  of  sand- 
clay,  46.5  miles  of  gravel,  358.3  miles 
of  bituminous  macadam,  12.6  miles  of 
bituminous  concrete,  1,427.5  miles  of 
Portland  cement  concrete,  and  0.7  mile 
of  brick,  in  addition  to  which  there  ar6 
bridges  with  a  total  length  of  1.7  miles. 
The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  was 
$19,211,852.17,  of  which  the  Federal 
share  was  $6,002,773.59.  The  dis- 
bursement of  Federal  funds  to  the 
State  was  $5,061,107.41.  The  unobli- 
gated balance  available  on  June  30, 
1928,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$3,910,462.81. 

NORTH  CAROLINA 

The  Federal-aid  highway  system  in- 
cludes 3,959.9  miles,  of  which  1,582.4 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage.  111 
miles  were  added  during  the  year.  At 
the  close  of  the  year  89.7  miles  were 
under  construction  and  5  miles  wei:e 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  88.7  miles  of  graded  and 
drained  earth  roads,  470  miles  of  sand- 
clay,  70.9  miles  of  gravel,  19.6  miles 
of  water-bound  macadam,  37.9  miles  of 
bituminous  macadam,  249.5  miles  of 
bituminous  concrete,  and  643  miles  of 
Portland  cement  concrete,  in  addition 
to  which  there  are  bridges  with  a  total 
length  of  2.8  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 34.4  miles  of  stage  construc- 
tion, was  $4,095,146.77,  of  which  the 
Federal  share  was  $1,894,205.65.  The 
disbursement  of  Federal  funds  to  the 
State  was  $1,589,297.53.  The  unobli- 
gated balance  available  on  June  30, 
1928,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$1,141,531.23. 

NORTH  DAJCOTA 

The  Federal-aid  highway  system  in- 
cludes 7,196  miles,  of  which  3,155.1 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  469 
miles  were  added  during  the  year.  At 
the  close  of  the  year  626.3  miles  were 
under  construction  and  192.4  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  1,259.6  miles  of  graded 
and  drained  earth  roads,  21.1  miles  of 
sand-clay,  1,855.5  miles  of  gravel,  5.3 
miles  of  water-bound  macadam,  1.9 
miles  of  bituminous  concrete,  and  4.7 
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miles  of  Portland  cemeut  concrete,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  7  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 398.7  miles  of  stage  construc- 
tion, was  $3,794,058.35.  of  which  the 
Federal  share  was  $2,030,873.31.  The 
disbursement  of  Federal  funds  to  the 
State  was  $1,409,404.82.  The  unohli- 
gated  balance  available  on  June  30, 
1928,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$637,992.37. 

OHIO 

The  Federal-aid  highway  system  in- 
cludes 5,899.3  miles,  of  which  1,805.9 
miles  have  been  improved  with  Fed- 
eral aid.  Of  the  improved  mileage, 
261.4  miles  were  added  during  the 
year.  At  the  close  of  the  year  250.2 
miles  were  under  construction  and  88.6 
miles  were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  65  miles  of  graded  and 
drained  earth  roads,  6.7  miles  of 
gravel,  135.1  miles  of  water-bound 
macadam,  367.9  miles  of  bituminous 
macadam,  93.9  miles  of  bituminous 
concrete,  669.7  miles  of  Portland  ce- 
ment concrete,  and  465.5  miles  of  brick, 
in  addition  to  which  there  are  bridges 
with  a  total  length  of  2.1  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 4.2  miles  of  stage  construction, 
was  $8,417,081.38,  of  which  the  Fed- 
eral share  was  $3,341,632.67.  The  dis- 
bursement of  Federal  funds  to  the 
State  was  $2,183,363.28.  The  unobli- 
gated balance  available  on  June  30, 
1928,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$2,591,001.85. 

OKLAHOMA 

The  Federal-aid  highway  system  in- 
cludes 5,528  miles,  of  which  1,589.7 
miles  have  been  improved  with  Fed- 
eral aid.  Of  th^  improved  mileage, 
211.7  miles  were  added  during  the 
year.  At  the  close  of  the  year  171 
miles  were  under  construction  and 
109.7  miles  were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  303.1  miles  of  graded 
and  drained  earth  roads.  2.3  miles  of 
sand-clay.  605.6  miles  of  gTavel,  6.3 
miles  of  water-bound  macadam,  30.8 
miles  of  bituminous  macadam,  78.6 
miles  of  bituminous  concrete,  542.6 
miles  of  Portland  cement  concrete,  and 
8.9  miles  of  brick,  in  addition  to  which 
there  are  bridges  with  a  total  length 
of  11.5  miles. 


The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 32.3  miles  of  stage  construc- 
tion, was  $4,307,195.17.  of  which  the 
Federal  share  was  $1,834,190.38.  The 
disbursement  of  Federal  funds  to  the 
State  was  $1,618,293.19.  The  unobli- 
gated balance  available  on  June  30, 
1928,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$387,602.49. 

OREGON 

The  Federal-aid  highway  system  in- 
cludes 2,891.5  miles,  of  which  1,104.9 
miles  have  been  improved  with  Fed- 
eral aid.  Of  the  improved  mileage  49.6 
miles  were  added  during  the  year.  At 
the  close  of  the  year  40.7  miles  were 
under  construction  and  6.7  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  138.7  miles  of  graded 
and  drained  earth  roads,  784.2  miles 
of  gravel,  25.6  miles  of  water-bound 
macadam,  0.7  mile  of  bituminous  ma- 
cadam, 52.9  miles  of  bituminous  con- 
crete, and  99.9  miles  of  Portland  ce- 
meut concrete,  in  addition  to  which 
there  are  bridges  with  a  total  length 
of  2.9  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 38.6  miles  of  stage  construc- 
tion, was  $1,709,077.30',  of  which  the 
Federal  share  was  $848,239.18.  The 
disbursement  of  Federal  funds  to  the 
State  was  $658,467.98.  The  unobli- 
gated balance  available  on  June  30, 
i928,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$1,267,098.47. 

PENNSYLVANIA 

The  Federal-aid  highway  system  in- 
cludes 4,993.9  miles,  of  which  1.837 
miles  have  been  improved  with  Fed- 
eral aid.  Of  the  improved  mileage, 
197.7  miles  were  added  during  the  year. 
At  the  close  of  the  year  240.7  miles 
were  under  construction  and  82.4  miles 
were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  104.2  miles  of  gi-aded 
and  drained  earth  roads,  18.4  miles  of 
bituminous  macadam.  101.2  miles  of 
bituminous  concrete,  1,586.2  miles  of 
Portland  cement  concrete,  and  26,4 
miles  of  brick,  in  addition  to  which 
there  are  bridges  with  a  total  length 
of  0.6  mile. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 3  miles  of  stage  construction, 
was  $9,834,885.37,  of  which  the  Fed- 
eral .share  was  $3,037,088.44.     The  dis- 
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biirsement  of  Federal  funds  to  the 
State  was  $3,031,621.22.  The  unobli- 
gated balance  available  on  June  30, 
1928,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$1,850,129.27. 

RHODE  ISLAND 

The  Federal-aid  highway  system  in- 
cludes 362.4  miles,  of  which  136.2  miles 
have  been  improved  with  Federal  aid. 
Of  the  improved  mileage,  18  miles  were 
added  during  the  year.  At  the  close  of 
the  year  26.8  miles  were  under  con- 
struction and  4  miles  were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  1.8  miles  of  waterbound 
macadam.  25.2  miles  of  bituminous  ma- 
cadam, 47.2  miles  of  bituminous  con- 
crete, and  61.9  miles  of  Portland  ce- 
ment concrete,  in  addition  to  which 
there  are  bridges  with  a  total  length 
of  0.1  mile. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year  was 
$897,258.03,  of  which  the  Federal. share 
was  $280,149.31.  The  disbursement  of 
Federal  funds  to  the  State  was  $318,- 
506.03.  The  unobligated  balance  avail- 
able on  June  30,  1928,  of  all  appropri- 
ations authorized  and  apportioned  up 
to  that  date  was  $576,046.16. 

SOUTH  CAROLINA 

The  Federal-aid  highway  system  in- 
cludes 3,230  miles,  of  which  1,631.6 
miles  have  been  improved  with  Fed- 
eral aid.  Of  the  improved  mileage, 
113.8  miles  were  added  during  the 
year.  At  the  close  of  the  year  205.5 
miles  were  under  construction  and  10.4 
miles  were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  25.2  miles  of  graded  and 
drained  earth  roads,  1,210.2  miles  of 
sand-clay,  115.4  miles  of  gravel,  8.9 
miles  of  water-bound  macadam,  3  miles 
of  bituminous  macadam,  102.6  miles 
of  bituminous  concrete,  152.2  miles  of 
Portland  cement  concrete,  and  0.2  mile 
of  brick,  in  addition  to  which  there  are 
bridges  with  a  total  length  of  13.9 
miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 53.6  miles  of  stage  construc- 
tion, was  $3,591,684.06.  of  which  the 
Federal  share  was  $1,182,549.75.  The 
disbursement  of  Federal  funds  to  the 
State  was  $1,259,902.48.  The  unobli- 
gated balance  available  on  June  30, 
1928,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$64,396.43. 


SOUTH  DAKOTA 

The  Fetleral-aid  highway  system  in- 
cludes 5,902  miles,  of  which  2,834.4 
miles  have  been  improved  with  Fed- 
eral aid.  Of  the  improved  mileage, 
289.5  miles  were  added  during  the 
year.  At  the  close  of  the  year  584 
miles  were  under  construction  and  107 
miles  were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  224.1  miles  of  graded 
and  drained  earth  roads,  25.7  miles  of 
sand-clay,  2,579.2  miles  of  gravel,  and 
2.7  miles  of  Portland  cement  concrete, 
in  addition  to  which  there  are  bridges 
with  a  total  length  of  2.7  miles. 

The  total  cost  of  all  Federal -aid 
roads  completed  during  the  year,  in- 
cluding 193.2  miles  of  stage  construc- 
tion, was  $2,039,746.84,  of  which  the 
Federal  share  was  $1,122,233.53.  The 
disbursement  of  Federal  funds  to  the 
State  was  $1,167,023.73.  The  unobli- 
gated balance  available  on  June  30, 
1928,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$514,514.16. 

TENNESSEE 

The  Federal-aid  highway  system  in- 
cludes 3,252.8  miles,  of  which  1,075.6 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  100.3 
miles  were  added  during  the  year.  At 
the  close  of  the  year  138.9  miles  were 
under  construction  and  25.6  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  157.1  miles  of  graded 
and  drained  earth  roads,  123.8  miles  of 
gravel,  52.2  miles  of  water-bound  mac- 
.adam,  428.8  miles  of  bituminous  mac- 
adam, 33.5  miles  of  bituminous  con- 
crete, and  277.7  miles  of  Portland  ce- 
ment concrete,  in  addition  to  which 
there  are  bridges  with  a  total  length  of 
2.5  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 27.4  miles  of  stage  construc- 
tion, was  $3,483,124.90,  of  which  the 
Federal  share  was  $1,496,826.48.  The 
disbursement  of  Federal  funds  to  the 
State  was  $1,157,624.72.  The  unobli- 
gated balance  available  on  June  30, 
1928,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$254,777.15. 

TEXAS 

The  Federal-aid  highway  system  in- 
cludes 11,690.9  miles  of  which  5,965.9 
miles  have  been  improved  with  Federal 
aid.     Of  the  improved  mileage,   433.2 
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miles  were  added  during  the  year.  At 
the  close  of  the  year  224.8  miles  were 
under  construction  and  161.9  miles 
were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  705.4  miles  of  graded 
and  drained  earth  roads,  90.5  miles  of 
sand-clay,  2,986.8  miles  of  gravel,  508.4 
miles  of  water-bound  macadam,  870.3 
miles  of  bituminous  macadam,  137.2 
miles  of  bituminous  concrete,  627.6 
miles  of  Portland  cement  concrete,  and 
29.1  miles  of  brick,  in  addition  to 
which  there  are  bridges  with  a  total 
length  of  10.6  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed,  during  the  year,  in- 
cluding 246.7  miles  of  stage  construc- 
tion, was  $11,449,455.94,  of  which  the 
Federal  share  was  $5,344,336.60.  The 
disbursement  of  Federal  funds  to  the 
States  was  $4,367,659.10.  The  unobli- 
gated balance  available  on  June  30, 
1928,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$3,975,468.70. 

UTAH 

The  Federal-aid  highway  system  in- 
cludes 1,677.3  miles,  of  which  806.5 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  97.6 
miles  were  added  during  the  year.  At 
the  close  of  the  year  112.2  miles  were 
under  construction  and  19.4  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  94.7  miles  of  graded  and 
drained  earth  roads.  41.7  miles  of  sand- 
clay,  548.9  miles  of  gravel,  16.8  miles 
of  water-bound  macadam,  0.7  mile  of 
bituminous  macadam,  9.9  miles  of  bitu- 
minous concrete,  and  91.6  miles  cf  Port- 
land cement  concrete,  in  addition  to 
which  there  are  bridges  with  a  total 
length  of  2.2  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 7.5  miles  of  stage  construction, 
was  $1,546,236.97,  of  which  the  Federal 
share  was  $1,138,714.79.  The  disburse- 
ment of  Federal  funds  to  the  State  was 
$1,290,052.52.  The  unobligated  balance 
available  on  June  30,  1928,  of  all  ap- 
propriations authorized  and  appor- 
tioned up  to  that  date  was  $220,749.79. 

VERMONT 

The  Federal-aid  highway  system  in- 
cludes 1,043  miles,  of  which  201.3  miles 
have  been  improved  with  Federal  aid. 
Of  the  improved  mileage,  40.9  miles 
were  added  during  the  year.  At  the 
close  of  the  year  51.2  miles  were  under 


construction  and  11.9  miles  were  ap- 
proved. 

The  mileage  improved  with  Federal 
aid  consists  of  96.4  miles  of  gravel,  8.2 
miles  of  water-bound  macadam,  45.6 
miles  of  bituminous  macadam,  and  44.7 
miles  of  Portland  cement  concrete,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  6.4  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year  was 
$1,826,258.67,  of  which  the  Federal 
share  was  $696,788.74.  The  disburse- 
ment of  Federal  funds  to  the  State  was 
$694,117.53.  The  unobligated  balance 
available  on  June  30,  1928,  of  all  ap- 
propriations authorized  and  appor- 
tioned up  to  that  date  was  $25,473.81. 

VIRGINIA 

The  Federal-aid  highway  system  in- 
cludes 3,251.7  miles,  of  which  1,266.9 
miles  have  been  improved  with  Fed- 
eral aid.  Of  the  improved  mileage, 
305.6  miles  were  added  during  the 
year.-  At  the  close  of  the  year  99  3 
miles  were  under  construction  and  31.6 
miles  were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  55  miles  of  gi-aded  and 
drained  earth  roads,  192.5  miles  of 
sand-clay,  119.9  miles  of  gravel,  112.3 
miles  of  water-bound  macadam,  306.6 
miles  of  bituminous  macadam,  10.6 
miles  of  bituminous  concrete,  and  466.2 
miles  of  Portland  cement  conci'ete,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  3.8  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 3.9  miles  of  stage  construction, 
^^■as  $4,588,477.73,  of  which  the  Federal 
share  was  $1,893,029.67.  The  disburse- 
ment of  Federal  funds  to  the  State 
was  $1,439,060.08.  The  unobligated 
balance  available  on  June  30,  1928.  of 
all  appropriations  authorized  and  ap- 
portioned up  to  that  date  was  $237,- 
853.61. 

WASHINGTON 

The  Federal-aid  highway  system  in- 
cludes 2,927.5  miles,  of  which  777.7 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  73.6 
miles  were  added  during  the  year.  At 
the  close  of  the  year  105.4  miles  were 
under  construction  and  21.2  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  145.7  miles  of  graded 
and  drained  earth  roads,  344  miles  of 
gravel,  and  2S3.9  miles  of  Portland  ce- 
ment   concrete,    in    addition    to    which 
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there  are  bridges  with  a  total  length 
of  4.1  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year  was 
$3,637,496.70,  of  which  the  Federal 
share  was  $1,649,901.70.  The  disburse- 
ment of  Federal  funds  to  the  State  was 
$521,599.31.  The  unobligated  balance 
available  on  June  30,  1928,  of  all  ap- 
propriations authorized  and  appor- 
tioned up  to  that  date  was  $481,843.46. 

WEST  VIRGINIA 

The  Federal-aid  highway  system  in- 
cludes 2,094.9  miles,  of  which  606.9 
miles  have  been  improved  with  Fed- 
eral aid.  Of  the  improved  mileage, 
132.9  miles  were  added  during  the  year. 
At  the  close  of  the  year  105.6  miles 
were  under  construction  and  25.3  miles 
were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  227.4  miles  of  graded 
and  drained  earth  roads,  3.9  miles  of 
sand-clay,  19.9  miles  of  gravel,  4.9 
miles  of  water-bound  macadam,  159.7 
miles  of  bituminous  macadam,  28.2 
miles  of  bituminous  concrete,  150.2 
miles  of  Portland  cement  concrete,  and 
11.4  miles  of  brick,  in  addition  to  which 
there  are  bridges  with  a  total  length  of 
1.3  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 4  miles  of  stage  construction, 
was  $3,778,799.97,  of  which  the  Fed- 
eral share  was  $1,548,876.64.  The  dis- 
bursement of  Federal  funds  to  tlie 
State  was  $1,043,717.  The  unobligated 
balance  available  on  June  30,  1928, 
of  all  appropriations  authorized  and 
apportioned  up  to  that  date  was 
$478,768.16. 

WISCONSIN 

The  Federal-aid  highway  system  in- 
cludes 5,493.4  miles,  of  which  2,046.9 
miles  have  been  improved  with  Federal 
aid.  Of  the  improved  mileage,  323.7 
miles  were  added  during  the  year.  At 
the  close  of  the  year  277.2  miles  were 
under  construction  and  36.5  miles  were 
approved. 

The  mileage  improved  with  Federal 
aid  consists  of  208.6  milesi  of  graded 
and  drained  earth  roads,  104.4  miles 
of  sand-clay,  1,042.2  mUes  of  gravel, 
6.8  miles  of  water-bound  macadam, 
13.7  miles  of  bituminous  macadam,  and 
669.8  miles  of  Portland  cement  con- 
crete, in  addition  to  which  there  are 
bridges  with  a  total  length  of  1.4 
miles. 


The  total  cost  of  all  Federal-aid 
roads  completed  during  the  j^ear,  in- 
cluding 36.1  miles  of  stage  construc- 
tion, was  $8,482,428.81,  of  which  the 
Federal  share  was  $3,983,658.48.  The 
disbursement  of  Federal  funds  to  the 
State  was  $2,959,014.72.  The  unobli- 
gated balance  available  on  June  30, 
1928,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$1,435,440.82. 

WYOMING 

The  Federal-aid  highway  system  in- 
cludes 3,097,  of  which  1,442.5  miles 
have  been  improved  with  Federal  aid. 
Of  the  improved  mileage,  124.5  miles 
were  added  during  the  year.  At  the 
close  of  the  year  227  miles  were  under 
construction  and  41.8  miles  were  ap^ 
proved. 

The  mileage  improved  with  Federal 
aid  consists  of  383.2  milesi  of  graded 
and  drained  earth  roads,  484.2  miles  of 
aand-clay,  516.8  miles  of  gravel,  15.5 
miles  of  water-bound  macadam,  22.1 
miles  of  bituminous  concrete,  and  15.9 
miles  of  Portland  cement  concrete,  in 
addition  to  which  there  are  bridges 
with  a  total  length  of  4.8  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 68.7  miles  of  stage  construc- 
tion, was  $1,313,556.03,  of  which  the 
Federal  share  was  $849,085.28.  The 
disbursement  of  Federal  funds  to  the 
State  was  $1,106,907.83.  The  unobli- 
gated balance  available  on  June  30, 
1928,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$167,116.50. 

HAWAII 

The  Federal-aid  highway  system  in- 
cludes 174.6  miles  of  which  36.2  miles  ^ 
have  been  improved  with  Federal  aid. 
Of  the  improved  mileage  29.7  miles  were 
added  during  the  year.  At  the  close 
of  the  year  3.2  miles  were  under  con- 
struction and  1.8  miles  were  approved. 

The  mileage  improved  with  Federal 
aid  consists  of  20.3  miles  of  bituminous 
macadam,  and  15.8  miles  of  Portland 
cement  concrete,  in  addition  to  which 
there  are  bridges  with  a  total  length 
of  0.1  mile. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year  was 
$1,773,962.02,  of  which  the  Federal 
share  was  $551,836.79.  The  disburse- 
ment of  Federal  funds  to  the  State 
was  $325,901.59.  The  unobligated  bal- 
ance available  on  June  30,  1928,  of  all 
appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $1,064,241.58. 
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FEDERAL-AID  STATISTICS 

Statistical  infonnation  relative  to 
^rhe  apportionment,  obligation,  and  dis- 
bursement of  Federal  aid  during  the 
fiscal  year  1928 ;  the  cost  of  roads  com- 
pleted and  the  estimated  cost  of  roads 
under  construction ;  and  the  type  of 
roads  completed  and  under  construc- 
tion, etc.,  is  given  in  Tables  7  to  19, 
inclusive. 

Table  7. — Mileage  of  the  designated 
Federal-aid  Mgliway  system  in  each 
State  and  mileage  improved  with 
Federal  aid  to  June  30,  1928 


State 

Mileage 
of  desig- 
nated 
Federal- 
aid  high- 
way system 

MUeage 

completed 

with 

Federal- 
aid  to  June 

30,  1928 

Alabama 

3, 884. 0 

1,  498. 0 
5,021.1 

4,  771.  5 

3,  332. 0 
835.4 
431.5 

1, 926.  0 

5,  576.  7 

2,  770. 0 
6, 618.  5 

4,  701. 5 
7,  212.  0 
7,  925.  0 

3,  702.  5 
2,  712. 9 
1, 428.  9 

1  748  0 

Arizona. 

851  4 

Arkansas.- 

1,678  2 

California.- 

1,455  6 

Colorado 

979.3 

Connecticut- 

206.5 

Delaware 

195.7 

Florida - 

385.8 

Georgia 

2,  457.  5 
937.1 

Idaho.. 

Illinois 

1, 685.  4 

Indiana 

1, 060. 1 

Iowa 

2, 831.  5 
2,  202.  4 
1, 148. 9 

Kansas.. .  .. 

Kentucky.. 

Louisiana 

1,  276. 0 

Maine 

428.7 

Table  7. — Mileage   of   the   designated 
Federal-aid  highway,  etc. — Contd. 


state 


Maryland 

Massachusetts... 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina.. 
North  Dakota... 

Ohio 

Oklahoma 

Oregon 

Pennsylvania — 

Rhode  Island 

South  Carolina.. 
South  Dakota... 

Tennessee.. 

Texas 

Utah 

Vermont 

Virginia 

Washington 

West  Virginia... 

Wisconsin 

Wyoming 

Hawaii - 

Total 


Mileage 
of  desig- 
nated 
Federal- 
aid  high- 
way system 


1,  527.  7 

1,  308. 0 
5,243.0 
6, 849. 6 
3, 604. 0 
7,  530. 0 
4, 673. 5 
5,  578. 9 
1,513.0 

980.9 
1, 181.  7 
3,  298. 0 
5, 451. 0 
3,  959. 9 
7, 196.  0 

5. 899. 3 
5,  528. 0 
2, 891.  5 
4, 993. 9 

362. 4 
3,  230. 0 
5, 902. 0 
3, 252.  8 
11,690.9 
1, 677.  3 
1, 043. 0 
3,  251. 7 
2, 927. 5 

2,  094.  9 

5. 493. 4 

3,  097. 0 
174.6 


Mileage 

completed 

with 

Federal- 
aid  to  June 

30, 1928 


187,752.9 


557.5 

501.1 

1,  337.  3 

3, 823. 8 

1,  533. 6 

2,  210. 1 
1, 299. 3 
3, 032.  3 
1, 018. 6 

305.6 

418.3 

1, 740. 3 

1. 864. 8 
1,  582. 4 
3, 155. 1 

1. 805. 9 
1,  589.  7 
1, 104.  9 
1, 837. 0 

136.2 

1,631.6 

2,834.4 

1, 075. 6 

5,  965. 9 

806.5 

201.3 

1,  266.  9 

777.7 

606.9 

2, 046. 9 

1, 442.  5 

36.2 


71,074,3 


Table  8. — Total  cost,  Federal  aid  and  mileage  of  Federal-aid  roads,  initial  and 
stage  construction,  completed  during  the  fiscal  year  1928 


state 


Total  cost 


Federal  aid 


Mileage 


Initial 


Total 


Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut. 

Delaware 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa. 


Kansas 

Kentucky 

Louisiana 

Maine. 

Maryland 

Massachusetts... 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada.. 

New  Hampshire. 


$4, 


495,  050. 49 
655, 349. 80 
954,  845.  03 
,  395, 894. 90 
905,  351.  91 
,  906,  025. 81 
808,  932. 97 
497,  582. 47 
846,  753.  53 
187,  587. 69 
918,  735.  90 
007,  355. 89 
915,  667.  75 
592, 174. 56 
421,  784.  29 
647,  414.  58 
319,  089. 55 
481, 188. 35 
957,  259.  58 
431, 692.  50 
852, 424. 86 
633,  642.  00 
004.  271.  51 
734,  065. 14 
960,  353.  53 
052,  032.  79 
208,  093.  27 


$2, 178, 119. 49 
467,  215.  24 
445,  342. 40 

1,  771, 379.  44 
455,  668.  30 

1, 124,  080.  50 
361,  314.  04 

1,  556,  930.  83 

2,  227,  438.  42 
729,  934. 10 

1,  901,  874.  76 

2,  915,  222.  26 
4, 115,  257.  62 
4,  023,  845.  38 
2, 361,  246. 84 

1,  086,  023. 19 
808,  501.  50 
696, 177.  50 
957, 873.  69 

2,  369,  018.  36 
2,  001,  398.  90 
2,  246,  390.  87 
2,  099,  546. 14 

1,  133,  573.  73 

2,  781,  546.  22 
908,  656.  42 
544,  659. 08 


310.0 

16.1 

90.7 

98.5 

24.9 

55.5 

35.0 

75.6 

118.2 

43.5 

142.2 

222.1 

378.8 

578.3 

250.9 

61.5 

65.8 

75.6 

60.5 

175.8 

248.7 

187.8 

171.7 

142.1 

589.1 

106.2 

37.1 


1.9 


3.2 


90.9 
32.2 


84.7 

18.0 

30.7 

7.5 


110.3 
36.0 
22.1 
9.2 

387.8 
27.4 


311.9 

16.1 

90.7 

98.5 

28.1 

55.5 

35.0 

75.6 

209.1 

75.7 

142.2 

222.1 

463.5 

596.3 

281.6 

69.0 

65.8 

75.6 

60.5 

175.8 

359.0 

223.8 

193.8 

151.3 

976.9 

13?.  6 

37.1 
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Table  S. — Total  co'it.  Federal  aid  and  mileage  of  Federal-aid  roads,  initial  and 
stage  construction,  completed  during  the  fiscal  gear  1^28 — Continued 


State 


New  Jersey 

New  Mexico 

New  York 

North  Carolina 
North  Dakota. 

Ohio 

Oklahoma 

Oregon 

Pennsylvania.. 
Rhode  Island... 
South  Carolina 
South  Dakota. 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

West  Virginia.. 

Wisconsin 

Wyoming 

Hawaii 

Total 


Total  cost 


Federal  aid 


540.  98 
839.  (iO 
852.  17 
146.  77 
058.  35 
081.  38 
195.  17 
077.  30 
885.  37 
258.  03 
084.  06 
746.  84 
124.90 
455.  94 
2.36. 97 
258.  67 
477.  73 
490.  70 
799.  97 
428. 81 
556.  03 
962.  02 


205,  043,  784.  41 


$1, 104, 
1,957, 
6,  002, 

1,  894, 

2,  030, 

3,  341. 
1,834, 

848, 
3.  037, 

280, 
1, 182, 
1, 122, 
1,  496, 
5,  344, 
1, 138, 

696, 
1, 893, 
1,649. 
1,  548, 
3,  983, 

849. 

651, 


039.  78 
717.94 
773.  59 
205. 65 
873.  31 
632. 67 
190.  38 
239. 18 
088.  44 
149.31 
549.  75 
233.  53 
826.  48 
336.  60 
714.  79 
788.  74 
029.  67 
901.  70 
876.  64 
658.  48 
085.  28 
836.  79 


88,  056,  983.  92 


Mileage 


Stage 


8, 184.  2       2,  014.  2 


Total 


73.2 
180.1 
385.0 
145.4 
867.7 
265.6 
244.0 

88.2 
200.7 

18.0 
167.4 
482.7 
127.7 
679.9 
105.1 

40.9 
109.5 

73.6 
136.9 
359.8 
193.2 

29.7 


10, 198. 4 


Table  9. — Total  cost,  Federal  aid,  and  mileage  of  Federal-aid  roads,  initial  and 
stage  construction,  under  construction  on  June  30,  1928,  iy  States 


State 


Alabama 

Arizona... 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina 

North  Dakota 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Rhode  Island 

South  Carolina 

South  Dakota 

14827—28 4 


326.4 

86.6 

180.7 

128.9 

198.6 

34.4 

9.6 

105.1 

198.9 

173.3 

620.1 

317.7 

282.5 

242.8 

227.4 

193.0 

39.7 

30.0 

71.4 

328.5 

360.6 

259.2 

171.8 

279.7 

841.5 

165.7 

19.0 

7L3 

155.2 

460.6 

102.7 

791.7 

256.  2 

177.4 

40.7 

240. 'i 

26.8 

326.2 

657.3 
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Table  9. — Total  cost.  Federal  aid,  and  mileage  of  Federal-aid  roads,  initial  and 
stage  construction,  under  construction  en  June  30,  1928,  by  States — Contd. 


state 

Estimated 
total  cost 

Federal  aid 
allotted 

Mileage 

Initial 

Stage 

Total 

Tennessee 

$4,  524,  754.  78 
8, 914, 648.  eo 
1,996,561.57 
2,  345,  384.  25 
4,  221,  703.  93 
4,144,458.77 
2,  789, 397.  94 
7,  931, 130. 44 
2,  260,  607.  90 
301,  973.  75 

$1, 939, 405.  06 
3, 494,  782. 06 
1,  364, 094.  82 
584,  978.  39 
1, 337,  952.  75 
1,437,000.00 
1,  244,  328.  22 
3, 251,  570.  37 
1,417,612.15 
60,  383.  43 

138.9 

224.8 

112.2 

51.2 

99.3 

105.4 

105.  6 

277.2 

227.0 

3.2 

138.9 

Te.\as 

125.1 
12.3 

349  9 

Utah .. 

124  5 

Vermont 

51  2 

Virginia  _. 

21.6 
18.1 

120  9 

Wa.shinglon-. 

123  5 

West  Virginia 

105.6 

Wiscon.'^in 

25.2 
32.1 

302.4 

Wyoming 

259  1 

Hawaii 

3.2 

Total 

261,754,800.99 

105,  297,  930.  62 

9, 493.  9 

1, 285. 2 

10,  779.  1 

Table  10. — Total  cost,  Federal  aid,  and  mileage  of  Federal-aid  roads,  initial  and 
stage  construction,  approved  for  constrvetion,  as  of  June  30,  1928,  by  States 


state 

Estimated 
total  cost 

Federal  aid 
allotted 

Mileage 

Initial 

Stage 

Total 

Alabama 

$717,  945.  71 
122, 094.  33 
250,  474.  26 

1,  573, 168.  56 
287,  928.  34 
285,  289.  67 
310,  591.  60 
905,  396.  31 

2,  934,  550. 18 
1, 100,  504.  72 
3, 896,  721.  88 
1,  671,  729.  13 
1,  827,  757.  31 
1,  348.  337.  76 
1,  159,  696. 00 

724,  325.  88 
586,  603.  30 
858,  534.  80 
361,  296.  54 
1, 150, 043.  70 

1,  201, 168.  05 
201,  3.58.  23 

1,511,404.60 

2,  345,  .539.  14 

75,  620.  57 

59,  079.  34 

490,  414.  66 

777,  265. 15 

8,  328.  900.  00 

534,  495. 97 

1,  240,  836.  16 

4,  757,  780. 00 

1,871,838.77 

278,  334. 10 

4,  414,  639.  79 

311,081.95 

394, 006.  44 

655,  789.  73 

4,  267,  517. 00 

6,  241,  573.  47 

328,  886.  36 

584,  323.  08 

884,  718.  69 

1,142,840.68 

617, 098.  44 

1,400,034.42 

296,051.33 

175,  931. 99 

$358, 972. 83 
42, 024.  80 
102,  444.  55 
703, 031. 15 
1.59,  230.  93 
66,951.17 

155,  295. 80 
333,  505. 44 

1,  239. 573.  27 
653, 836.  57 

1, 942, 068.  60 
807, 135. 04 
778,011.52 
598,  232.  45 
579,  848. 00 
239.  803.  83 
200,  682.  36 
416,900.00 
84,  345.  00 
525,  885.  00 
291, 000.  00 
100.  459.  53 
602,  718.  59 

1,  308,  589.  18 

37,  768.  83 

51,419.58 

190,  235.  78 

492,  343.  74 

1,  806,  847.  50 
259,  ,500.  00 
502,  502.  23 

1,  340,  636.  26 
837,  936.  01 
'146,673.72 

1,  318, 026.  22 

80,  919.  .55 

69,  700. 00 

360,  684.  24 

1,  368,  324.  58 

2,  627,  108.  00 
240, 095.  90 
147,454.36 

156,  605.  91 
440,  236.  89 
294,  283.  84 
433,  988.  43 
190,064.91 

57,  501.  20 

48.7 

12.4 
4.2 
6.2 

61  1 

Arizona .  . 

4  2 

Arkansas . 

9.9 

43.7 

12.7 

3.6 

12.9 

30.7 

102.3 

101.6 

148.0 

61.3 

10.2 

106.3 

62.7 

8.8 

14.2 

38.6 

.5.6 

29.4 

49.8 

11.5 

46.3 

235. 1 

16.1 

California .  . 

43  7 

Colorado 

Connecticut 

14.5 

27.2 
3.6 

Delaware .  . 

12.9 

Florida 

30.7 

Georgia . 

50.1 
1.8 

152  4 

Idaho .,  .  . 

103  4 

Illinois...^.     .._  . 

148.0 

Indiana ... 

61.3 

Iowa ... 

71.4 

81.6 

Kansas .  .  _ 

106.3 

Kentucky .  ,  . 

62.7 

Louisiana 

8.8 

Maine ...  ...  .  . 

14.2 

Maryland .  ... 

7.2 

45.8 

Massachusetts . 

5.6 

Michigan . 

6.5 
20.6 
.6 
13.7 
10.7 
23.2 
23.7 

35.9 

Minnesota 

70.4 

Mississippi . 

12.1 

Missouri .  . 

60.0 

Montana 

245.8 

Nebraska... 

23.2 

Nevada ._ 

23.7 

New  Hampshire  .._  .  . 

9.2 

56.1 

116.9 

5.0 

192.4 

88.6 

109.7 

6.7 

82.4 

4.0 

10.4 

107.0 

25.6 

161.9 

19.4 

11.9 

31.6 

21  2 

25!  3 

36.5 

41.8 

1.8 

9.2 

New  Mexico . 

.5 
8.6 
19.5 
121.7 
6.7 
15.5 

56.6 

New  York.. . 

125.5 

North  Carolina . 

24.5 

North  Dakota .  . 

314.1 

Ohio 

Oklahoma..  . 

95.3 
125  2 

Oregon 

6.7 

Pennsylvania ._ 

82.4 

Rhode  Island .  . 

4.0 

South  Carolina . 

8.1 
39.2 
94.3 
156.0 

1.5 

18.5 

South  Dakota... 

146.2 

Tennessee... ... 

119.9 

Texas 

317.9 

Utah 

20.9 

Vermont . 

11.9 

Virginia .  . 

31.6 

Washington 

5.0 

26.2 

West  Virginia . 

25.3 

Wisconsin . 

15.7 

52.2 

Wyoming 

41.8 

1.8 

Total 

67,461,518.09 

25,  741,  403.  29 

2,  359.  3 

759.1 

3,118.4 
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Table  11. — Mileage  of  Federal^aid  roads  improved  as  of  June  30,  1928,  by  types 

of  construction 


Alabama 

Arizona 

Arkansas 

California 

Colorado- 

Connecticut 

Delaware 

Florida 

Georgia 

Idaho 

Illinois - 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire.. 

New  Jersey 

New  Mexico 

New  York 

North  Carolina.-. 

North  Dakota 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Rhode  Island 

South  Carolina 

South  Dakota 

Tennessee 

Texas 

Utah.-., 

Vermont 

Virginia 

Washington 

West  Virginia 

Wisconsin 

Wyoming 

Hawaii 


Total - 


Graded 

and 
drained 


65.7 
124.7 

11.3 
315.8 
226.2 


9.0 

210.5 

185.2 

110.3 

13.5 

,  455. 6 

877.3 

522.0 

25.6 


4.7 


10.4 
656.4 
212.4 
375.3 
219.5 
476.8 

51.4 


8.9 

244.2 

12.9 

88.7 

,  259. 6 

65.0 

303.1 

138.7 

104.2 


25.2 
224.1 
157.1 
705.4 

94.7 


55.0 
145.7 
227.4 
208.6 
383.2 


10, 611.  3 


Sand- 
clay 


524.7 

115.8 

3.0 


96.2 


15.7 

1, 173. 4 

13.9 


6.2 
16.6 


1, 612.  5 
14.0 


5.1 

4.6 

470.0 

21.1 


2.3 


1,  210. 2 
25.7 


90.5 

41.7 


192.5 


3.9 
104.4 
484.2 


6, 470. 9 


Gravel 


886.8 
458.2 
1, 122.  3 
357.0 
426.5 
.2 


69.8 

413.6 

592.0 

.4 

42.2 

566.2 

229.8 

246.1 

1, 173.  3 

192.0 

31.5 

.4 

364.5 

2,  522. 3 

1,081.5 

844.7 

1,011.0 

828.5 

854.3 

99.2 

4.7 

1,416.6 

46.5 

70.9 

1, 855.  5 

6.7 

605.  6 

784.2 


115.4 
2,  579. 2 

123.8 
2, 986. 8 

548.9 
96.4 

119. 9 

344.0 

19.9 

1, 042.  2 

516.8 


27, 698.  3 


Water-     Bitu- 


bound 
mac- 
adam 


11.6 
14.2 
48.3 
18.7 


17.4 
5.0 
29,8 
86.9 
22.5 


41.6 


4.5 

41.3 

3.2 


.2 
3.5 
18.9 


11.1 

7.4 
17.8 


28.8 
66.2 


19.6 

5.3 

135.1 

6.3 

25.6 


1.8 


52.2 
508.4 

16.8 

8.2 

112.3 


6.8 
15.5 


minous 
mac- 
adam 


74.1 


112.2 
63.7 


27.0 
7.0 

78.9 

134.3 

4.9 

3.4 

23.4 


Bitu- 
minous 
con- 
crete 


113.9 
182.2 
9.5 
157.2 
200.1 
259.2 
10.4 


1.0 

50.8 
6.9 


20.6 
88.6 


358.3 
37.9 


367.9 
30.8 

.7 

18.4 

25.2 

3.0 


428.8 

870.3 

.7 

45.6 

306.6 


159.7 
13.7 


87.5 

26.6 

256.3 

141.6 

4.0 

.6 

13.7 

42.0 

26.8 

79.3 

8.1 

12.0 


3.5 

1.0 

33.5 


17.0 

50.5 

73.4 

32.7 

9.5 

17.7 

2.8 

13.8 

2.0 

32.9 

21.9 

.7 

12.6 

249.5 

1.9 

93.9 

78.6 

52.9 

101.2 

47.2 

102.6 


33.5 

137.2 

9.9 


20.3  i- 


22.1 


1,426.6  14,317.2  |l,993.3 


Port- 
land 
cement 
concrete 


91.8 

108.9 

120.9 

553.0 

219.4 

158.  9 

167.2 

123.4 

384.4 

36.3 

1,  536. 0 

917.2 

786.0 

590.0 

150.2 

22.8 

79.1 

304.0 

183.1 

857.7 

605.5 

186.1 

884.1 

31.9 

74.6 

44.9 

13.7 

380.5 

70.9 

1, 427.  5 

643.0 

4.7 

669.7 

542.6 

99.9 

1,  586.  2 

61.9 

152.2 

2.7 

277.7 

627.6 

91.6 

44.7 

466.2 

283.9 

150.2 

669.8 

15.9 

15.8 


17,  516.  3 


Brick 


2.3 

10.1 

.5 


25.8 
6.6 

22.0 

153.9 

3.9 


465.5 
8.9 


26.4 
— ... 


29.1 


817.9 


Bridges 


5.8 
3.0 
3.9 
5.8 
7.0 
2.4 
.5 
7.1 

27.1 
3.0 
1.4 
3.6 
1.7 

12.4 

2.2 

8.1 

.4 


4.4 
1.6 

5^7 
9.2 
3.8 
6.5 
2.6 
5.0 
2.3 
2.8 
1.7 
2.8 
7.0 
2.1 

11.5 

2.9 

.6 

.1 

1.3.9 
2.7 
2.5 

10.6 
2.2 
6.4 
3.8 
4.1 
1.3 
1.4 
4.8 
.1 


222.5 


Total 


1,  748. 0 
851.4 

1,  678.  2 

1, 455.  6 
979.3 
206.5 
195.7 
385.  8 

2, 457.  5 
937.1 

1,  685. 4 
1, 060. 1 
2,831.6 

2,  202. 4 
1, 148.  S 
1,  276.  0 

428.7 

557.5 

.501.  1 

1,  337.  3 

3,  823.  8 

1,  533.  6 

2,  210.  1 
1,  299.  3 
3, 032.  3 
1, 018.  6 

305.6 
418.3 
1,  740.  3 
1,  864. 8 
1,  58?.  4 
3, 155. 1 
1,  805. 9 

1,  589. 7 
1,104.9 
1, 837. 0 

136.2 
1,631.6 

2,  834. 4 
1, 075. 6 
5,  965. 9 

806.5 
201.3 

1,  266.  9 
777.7 
606.9 

2,  046.  9 
1, 442.  0 

36.2 


71, 074.  3 


28 


ANNUAL  EEPOETS    OF   DEPARTMENT   OF   AGRICULTURE 


Table  12. 


-Mileage  of  Federal-aid  roads  inltlaUif  completed'  during  the  fiscal 
year  1928,  by  types  of  construction 


state 

Graded 

and 
drained 

Sand- 
clay 

Gravel 

Water- ' 
bound  ! 
mac-   1 
adam  ' 

Bitu- 
minous 
mac- 
adam 

Bitu- 
minous 
concrete 

Port- 
land 
cement 
concrete 

Brick 

Bridges 

Total 

Alabama.-- 

49.2 

4.7 

11.3 

3.7 

-2.6 

111.5 
"-9"5" 

107.8 

10.6 

62.9 

8.5 

24.3 

1 
..      ..  1 

20.9 

18.1 

.4 

2.7 

23.1 

11.7 

44.0 

14.1 

19.5 

24.8 

.4 

142.2 

214.9 

167.7 

102.2 

24.3 

12.1 

27.6 

28.0 

14.8 

130.3 

11.3 

30.9 

109.7 

.6 

18.4 

2.6 

.4 

.6 

.8 

1.0 

2.1 

.2 

4.1 

2.7 

1.0 

310.1 
16  1 

1 

6.5 

13.3 
.5 

'"m'V 

90  8 

98  5 

24.9 

8.7  1 

'""7^5" 
6.3 
-.9 

.6 

13.7 

.1 

.9 

2.7 

55. 4 

::::::::::::::: 

35.0 

Florida- 

-.8 

62.0 

-10.4 

""i'.S 


23.2 
12.0 
49.8 

23.1  1 
11.8 

75.5 
118.1 

43.5 

142.2 

8.6 
19.7 
31.7 
58.9 
28.8 
36.1 

-15.1 

6.4 

6.6 

""u.V 

.7 

.5 

3.2 

1.6 

4.6 

.1 

222.1 

190.9 

340.1 

141.5 

.5 



70.9 

378.8 



16.2 
24.0 

"'Vb'.l' 

""n.s 

578.4 

250. 9 

61.5 



i.9 
47.6 
31.5 

65.7 

75.6 

.4 

6.1 

91.1 

5.5 

122.7 

-38.7 

102.0 

.1 

.1 

177.4 

23.8 

60.5 

10.0 
231.1 
60.4 
56.5 
15.6 
23.4 



581.4 

'.I' 

.9 

.2 

5.0 

175.8 

248.7 

Mississippi..      

187.9 

Missouri      .      

171.7 

Montana              .  .- 

1.9 

-g- 

1.3 

.7 

-.6 

2.4 

142.1 

Nebraska          

2.9 

589.0 

Nevada              

4.8 
12.4 

106.2 

16.1 

.2 

5.9 

70.3 

.7 

332.6 

110.3 

37.1 

New  Jersey 

2.8 

.8 

10.5 

""¥.6 

73.2 

New  ISIexico 

1 

1.2 

.2 

.  7 

1.0 

1.4 

180.1 

New  York 

North  Carolina 

1      13.3 

3S5.0 
111.0 

North  Dakota 

349.  7 
34.1 

122.0 
32.0 
14.5 

10.8 

107.5 

469.0 

Ohio 

31.8 

47.8 
9.9 

"-2"9" 

126.3 
82.8 

20.0 

261.4 

Oklahoma 

211.8 

Oregon 

..  - 

17.4 

.2 

.6 

49.6 

Pennsylvania 

10.6 

7.7 

-...--.. 

172.0 
10.3 
23.6 
1.5 
38.9 
37.1 

197.7 

Rhode  Island.. 

18.0 

South  Carolina 

4.2 

-12.6 

35.3 

221.4 
.5 

69.5 

6.3 

300.0 

6.8 

57.8 

96.7 

-3.4 

2.9 

.6 

1.0 

2.6 

.4 

.6 

1.5 

1.9 

.7 

113.9 

South  Dakota 

289.5 

Tennessee 

12.6 
107.4 

5.8 
6.8 

100.4 

Texas 

433.1 

Utah         

97.6 

Vermont. 

4.8 
3.7 

15.5 
2.9 

23.4 
97.5 
12.2 
27^2 

40.9 

Vkginia.    

I 

105.6 

Washington 

36.6 
66.7 

22.9 

73.6 

West  Virginia .  . 

31.3 

7.0 

132.9 

Wisconsin 

170.2 
46.1 

4.0 

149.4 
1.1 

323.6 

Wyoming 

76.7  j 

.6 
.1 

124.5 

Hawaii... 

13.8 

15.8  1 

29.7 

Total 

2, 182. 3 

844.0 

1,836.3 

92.4 

464.2 

135.9 

2,  532. 7 

42.1 

54.3 

8, 184. 2 
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Table  13. — Mileage  of  Federal-aid  roads  under  initial  construction  on  June  SO, 
1928,  by  types  of  construction 


state 

Graded 

and 
drained 

Sand- 
clay 

Gravel 

Water- 
bound 
mac- 
adam 

Bitu- 
minous 
mac- 
adam 

Bitu- 
minous 
concrete 

Port- 
land 
cement 
concrete 

Brick 

Bridges 

Total 

Alabama 

146.0 
80.5 
66.9 
36.7 
32.4 

18.4 

"'ih'h' 

72.6 
.3 
81.1 
42.0 
82.6 

31.2 

.5 

24.5 

14.3 

55.9 

20.3 

6.7 

19.8 

25.3 

3.4 

535.2 

290.0 

104.9 

53.4 

21.7 

16.8 

6.9 

15.2 

9.5 

277.6 

35.1 

28.4 

35.1 

2.3 
1.7 
3.9 
1.2 
2.1 
1.6 

270.6 

Arizona 

3.0 

"'"i5."7" 

86.0 

Arkansas 

""9."i" 

4.3 
1.7 

180.7 

California       

120.7 

189.4 

Connecticut. 

12.6 

34.4 

Delaware 

5.7 

Florida     

28.  i 
51.1 

""24.1' 

15.8 

6.3 

92.1 

10.0 
21.6 

12.9 
23.0 
15.6 

11.8 
16.3 
5.1 

""6.'2' 

'"'i.'o' 

1.3 

.5 

.4 

2.2 

.6 

.2 

1.7 

4.9 

4.9 

1.1 

99.7 

168.2 

Idaho. .- 

116.6 

Illinois       

76.5 
23.6 
5.7 
116.3 
151.5 
44.5 

620.1 

314.2 

Iowa    

""'48.'9' 

34.4 

10.0 

3.7 

126.8 

23.2 

145.2 

iCansas     

11.5 
45.6 

242.8 

Kentucky 

227.4 

193.0 

Maine        .      . 

9.5 
14.8 
42.4 

"'"i9."6" 

39.7 

Maryland 

30.0 

Massachusetts 

.4 

.1 
1.7 

.4 
2.9 

.7 

.6 
1.6 

71.4 

Michigan 

25.9 
270.4 
105.7 
97.0 
30.2 
182.7 
8.2 

23.4 

328.5 

Minnesota 

305.9 

Mississippi 

89.9 

1.4 

228.3 

132.8 

Montana 

'"457.'5" 

241.0 

3.8    

276.6 

Nebraska 

2.4 

644.1 

129.1 

137.3 

New  Hampshire 

5.5 

"'il'i' 

2.4 
.2 

... 

ii.i 

68.3 

9.0 

371.1 

66.6 

19.0 

New  Jersey 

1.7 
12.5 
36.6 
33.7 

541.0 
58.2 

129.7 
15.3 
48.7 

.7 
91.3 
19.5 

71.3 

New  Mexico 

.7 
.4 
.4 

155.2 

New  York 

33.0 

460.6 

North  Carolina 

89.7 

North  Dakota 

3.0 

64.7 
1.7 

16.2 

7.8 

1.4 
2.1 

626.3 

Ohio 

34.9 
10.4 

3.4 

114.9 
30.1 

27.2 

250.2 

Oklahoma... 

.8 

.8 
1.7 

171.0 

Oregon 

24.6 

40.7 

Pennsylvania 

177.0 

7.8 

72.7 

13.3 

240.7 

Rhode  Island 

19.0 

'""17.1" 

26.8 

South  Carolina 

29.0 
356.8 
100.7 
131.1 

29.5 

71.7 

10.9 
226.6 

3.8 
.6 

2.0 

1.7 
.2 
.2 
.7 
.2 
.2 

1.8 
.6 

205.5 

South  Dakota . 

584.0 

Tennessee 

7.0 

29.2 
73.5 

4.1 
38.3 
26.6 

6.5 

19.8 

132.2 

4.1 

3.2 



138.9 

Texas 

14.6 
73.9 
6.8 

3.9 

"""8."4' 

224.8 

Utah 

4.5 

5.9 

63.7 

112.2 

Vermont    

61.2 

99.3 

Washington 

52.9 
,     69.1 

""8."i" 

45.8 

5.4 

135.1 

35.8 

105.4 

West  Virginia 

Wisconsin 

11.1 

105.6 
277.2 

Wyoming 

175.1 

11.4 

■ 

227.0 

Hawaii 

3.2 

Total 

3,401.5 

648.2 

1,831.6 

136.0 

378.9 

100.5 

2,890.8 

47.7 

58.7 

9, 493. 9 
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Table  14. — MUeage  of  Federal-aid  roads  approved  for  initial  construction  on 
June  30,  1928,  by  types  of  construction,  lyy  States 


state 

Graded 

and 
drained 

Sand- 
clay 

Gravel 

Water- 
bound 
mac- 
adam 

Bitu- 
minous 
mac- 
adam 

Bitu- 
minous 
concrete 

Port- 
land 
cement 
concrete 

Brick 

Bridges 

Total 

Alabama 

27.3 
9.9 

21.3 

0.1 

48.7 

Arkansas. 

9.9 

California 

20.0 

7.4 

20.2 
6.3 

1.7 

1.5 

.3 

43.7 

Colorado 

12.7 

Connecticut 

3.6 
4.9 

3.6 

Delaware.. 

8.0 

12.9 

Florida    

12.6 

18.0 
82.8 

.1 

30.7 

Georgia 

15.4 

4.i 

6.9 

111.2 

52.9 

7.1 

25.9 

.4 

102.3 

Idaho.  

22.0 

36.8 

8.4 

1.4 

80.1 

62.3 

5.3 

72.7 

101.6 

Dlinois 

148.0 

Indiana 

61.3 

Iowa 

1.7 

10.2 

Kansas 

.3 

106.3 

Kentucky 

62.7 

Louisiana 

3.5 
.2 

8.8 

Maine.- 

6.6 

1.0 
16.6 
5.6 

'"ii'i" 

6.4 
9.9 

14.2 

Maryland. 

38.6 

Massachusetts 

5.6 

Michigan 

29.0  i 1          .4 

5.6  1 .2 

29.4 

Minnesota 

44.0 

49.8 

Mississippi... 

11.5 

5.5 

182.0 

11.5 

Missouri 

20.6 
32.1 

19.9 



.3 

.7 
.1 

46.3 

Montana  . 

20.3 

235.1 

New  Hampshire 

9.1 

.3 

89.5 

5.0 

.8 

71.0 

13.1 

9.2 

New  Mexico 

15.3 

40.5 

56.1 

New  York 

27.4 

116.9 

North  Carolina 

5.0 

North  Dakota 

191.4 

14.1 

86.2 

6.6 

2.6 



■""3.T 

.2 
.1 
.3 
.1 
.1 

192.4 

Ohio.. 

88.6 

Oldahoma 

10.1 

109.7 

Oregon 

6.7 

Pennsyl  vania 

79.7 

1.5 

10.4 

82.4 

Rhode  Island.-   

2.5 

4.0 

South  Carolina 

10.4 

South  Dakota 

84.8 
21.1 
128.9 

9.2 

12.9 

.1 

107.0 

Tennessee 

4.5 
30.4 

4.4 
11.9 

25.6 

Texas 

.9 

1.7 

161.9 

Utah... 

15.0 

19.4 

Vermont  .  .      .  . 

1 

11.9 

Virginia    .  . . 

6.6 
17.4 
19.4 

.2 

24.8 

31.6 

Washington. 

3.6 

.2 

21.2 

West  Virginia 

5.9 

25.3 

Wisconsin 

16.9 

19.6 

36.5 

Wyoming . 

41.8 
1.7 

41.8 

Hawaii 

.1 

1.8 

Total 

1,000.7 

9.2 

414.2 

69.2 

193.1 

16.3 

644.1 

3.4 

9.1 

2,  359.  3 
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Table  15.- 


-Mileage  of  Federal-aid  stage  construction  completed  during  the  fiscal 
year  1928,  by  types  of  construction,  by  States 


State 

Graded 

and 
drained 

Sand- 
clay 

Gravel 

Water- 
bound 
mac- 
adam 

Bitu- 
minous 
mac- 
adam 

Bitu- 
minous 
concrete 

Port- 
land 
cement 
concrete 

Brick 

Bridges 

Total 

1.9 

1.9 

-4.3 

4.3 

2.9 

11.8 

.2 

-1.8 

-19.5 

.3 

3.2 

Florida     

-11.8 

.9 

""i8.'2" 

12.0 

"'il'.h' 

77.8 

.4 

104.2 

8.7 

90.9 

Idaho 

32.2 

Iowa 

84.7 

.4 

3.5 

5.4 

18.0 

26.6 



4.1 

30.7 

Louisiana 

7.5 

7.5 

110.3 
21.9 
16.3 

110.3 

14.1 

.1 

9.2 

36.0 

5.7 

22.1 

9.2 

Nebraska 

386.3 

1.2 

0.2 

387.8 

Nevada                .  . 

13.4 

13.9 

27.4 

34.4 

34.4 

North  Dakota 

394.4 

4.3 

398.7 

Ohio 

3.5 
19.8 

.7 

4.2 

Oklahoma 

12.5, 

32.3 

38.6 

38.6 

3.0 

47.4 

3.0 

South  Carolina 



6.2 

53.6 

South  Dakota 

7.6 

185.6 

193.2 

27.4 
83.7 

27.4 

Texas. 

11,5 

17.2 

-13.7 

7.5 

140.5 

7.4 

.1 

246.6 

Utah          

7.5 

3.9 

3.9 

West  Virginia 

12.0 

-8.0 

4.0 

4.5 
53.2 

31.6 

36.1 

15.5 

68.7 

Total 

14.2 

397.4 

754.8 

33.9 

181.1 

28.6 

597.7 

6.1 

.3 

2,014.1 

Table  16. — Mileage  of  Federal-aid  roads  under  stage  construction  on  June  30, 
1928,  by  types  of  construction,  by  States 


State 

Graded 

and 
drained 

Sand-clay 

Gravel 

Water- 
bound 
macadam 

Bitu- 
minous 
macadam 

Bitu- 
minous 
concrete 

Portland 
cement 
concrete 

Total 

Alabarna                .. 

1.3' 
.6 

54.6 

55.9 

Arizona 

.6 

California -  .  .- 

2.0 

0.6 

5.6 

8.2 

Colorado 

9.2 

9.2 

Delaware 

3.9 

3.9 

Florida       

5.4 

5.4 

Georgia 

20.2 
10.3 

10.5 

30.7 

Idaho. 

43.5 

3.0 

56.8 

Indiana 

3.5 
100.3 
44.4 
24.3 
.  31.  5 

3.5 

Iowa 

37.0 

137.3 

Minnesota 

10.3 

54.7 

Mississippi.. 

6.6 

30.9 

Missouri . 

7.5 

1 

39.0 

Montana 

4.1 

4.1 

Nebraska 

197.4 

197.4 

Nevada.- 

28.4 

28.4 

North  Carolina 

4.2 
20.1 

8.8 

13.0 

North  Dakota 

145.3 

165.4 

Ohio    

6.0 
6.4 

62.0 
6.0 

76.0 

6.0 

Oklahoma 

6.4 

South  Carolina 

j 

58.7 

120.7 

South  Dakota 

67.3 
3.4 

73.3 

Texas 

46.7 

125.1 

Utah.. 

12.3 

12.3 

Virginia 

7.8 
18.1 

7.4 

6.4 

21.6 

Washington 

18.1 

Wisconsin 

25.2 

25.2 

Wyoming. . 

26.2 

5.9 

32.1 

Total 

70.0 

199.3 

329.3 

81.8 

62.5 

67.9 

474.4 

1,285.2 

32 


ANNUAL   REPORTS    OF    DEPARTMENT    OF    AGRICULTURE 


Table  17. — Mileage  of  Federal-a4d  roads  approved  for  stage  construction  on 
June  SO,  1928,  hy  types  of  construction,  'by  States 


state 

Graded 

and 
drained 

Sand- 
clay 

Gravel 

Water- 
bound 
macad- 
am 

Bitu- 
minous 
macad- 
am 

Bitu- 
minous 
concrete 

Portland 
cement 
concrete 

Bridges 

Total 

Alabama 

12.4 

12.4 

Arizona 1 

4.2 

4.2 

Arkansas 

6.2 

6.2 

Colorado 

14.5 

14.5 

Georgia. 

7.7 

31.6 

1.8 

.10.8 

50.1 

Idaho 

1.8 

Iowa.. 

22.5 

48.9 

71.4 

Maryland 

7.2 

7.2 

Michigan 

6.5 

6.5 

Minnesota 

20.6 

20.6 

Mississippi 

0.6 

.6 

Missouri 

13.7 

13.7 

Montana.  .  . 

7.8 

2.9 

10.7 

Nebraska > 

23.2 

23.2 

Nevada t 

23.7 

23.7 

New  Mexico 1 

.5 

.5 

New  York !. 

8.6 

8.6 

North  Carolina > 

4.0 

15.5 

19.5 

North  Dakota          1         lo 

120.7 

121.7 

Ohio 

6.7 
7.6 

6.7 

Oklahoma 

7.9 
8.1 

15.5 

South  Carolina... 

8.1 

South  Dakota 

39.2 

39.2 

Tennessee 

94.3 
101.7 

94.3 

Texas... 

54.3 

156.0 

Utah. 

.5 

in 

1.5 

Washington  . 

*" 

5.6 
15.7 

5.0 

W  isconsin 

1 

15.7 



Total 

21.6 

23.  2        202. 4 

39.2 

94.9 

23.1 

353.6 

1.1 

759.1 

Table  18.- 


-Net  changes  in  the  types  of  Federal-aid  improvem&nts  on  the  Fed^ 
eral  highiaay  system  during  the  fiscal  year  1928 


State 

Graded 

and 
drained 

Sand- 
clay 

Gravel 

Water- 
bound 
mac- 
adam 

Bitu- 
minous 
mac- 
adam 

Bitu- 
minous 
concrete 

Port- 
land 
cement 
concrete 

Brick 

Bridges 

Total 

Alabama 

-6.6 

.3 

11.3 

1.7 

-5.4 

111.5 
-.6 

"-9.'5" 

107.8 

15.0 

62.9 

8.5 

26.7 

""o.'i" 

20.9 

19.9 
.4 

2.7 

23.0 

12.0 

44.0 

14.1 

19.5 

109.3 

.5 

142.2 

214.9 

272.0 

110.8 

24.3 

12.1 

27.6 

28.0 

12.6 

130.4 

121.6 

63.0 

126.4 

.6 

19.6 

"-2."i" 

2.6 

.4 

.6 

.9 

1.0 

2.1 

.2 

4.1 

1.9 

1.0 

256.1 

Arizona 

15.6 

Arkansas 

13.3 
.6 

""55."7" 

90.8 

California 

90.3 

Colorado 

24.8 

Connecticut 

8.7 

-.1 
7.0 
6.3 

11.2 

.'i' 

6.3 

.6 

13.7 

.2 

.9 

18.2 

55.3 

Delaware  

32.9 

Florida 

-.8 

34.7 

-43.2 

-5.5 

-48.7 

-8.9 

35.0 
6.6 
16.3 

11.3 
11.7 
18.2 

70.1 

Georgia 

127.6 

Idaho . 

2.1 

Illinois 

142.3 

Indiana 

-3.5 
153.3 
329.7 
114.9 
.5 

'"u.i 

8.7 
-19.8 
31.7 
85.6 
21.2 
36.0 

-15.1 

6.6 

"'ig.'s' 

.6 

.5 

3.2 

1.5 

4.6 

.2 

218.5 

Iowa . 

406.0 

Kansas. .. . 

"-.i" 

16.2 
28.8 

"'23."i" 

"'Iz'v' 

-.1 
.1 

585.5 

Kentucky 

255.0 

Louisiana 

61.5 

Maine 

1.9 
47.5 
33.7 

65.7 

Maryland     

.1 

75.7 

Massachusetts 

.4 
34.6 
-8.8 
104.8 
-18.5 
131.9 
-42.4 
61.4 

.T 

""i.'o" 

,1 

.9 

.1 
5.1 

.1 
1.3 

.7 
-.7 
2.4 

60.5 

Michigan 

9.9 

193.4 

13.3 

55.1 

8.0 

-168. 6 

-1.7 

"-4.T 
"912.1" 

175.8 

Minnesota 

306.4 

171.8 

Missouri 

-1.0 
1.9 

-.1 

-.1 

161.9 

143.7 

Nebraska 

2.9 
.1 
.3 

725.5 

18.6 
12.4 

.1 
16.1 

77.8 

New  Hampshire 

5.9 

70.4 

.7 

332.7 

144.7 

37.1 

New  Jersey 

2.7 
-2.2 
10.5 

""I'.e 

-48.6 

-4.0 

.1 
180.4 
23.8 

73.2 

1.3 

.2 

.7 

LO 

1.4 

180.2 

New  York 

13.2 

385.0 

North  Carolina 

96.8 

North  Dakota 

-97.4 
28.1 
95.4 
26.0 
14.4 

517.5 

4.3 
33.6 

421.4 

Ohio 

47.8 
22.4 
-.1 
10.6 
7.7 

.1 

-2.8 

127.9 
102.6 

20.7 

259.6 

Oklahoma. 

217.6 

Oregon... 

Pennsylvania 

56.1 

.2 
.6 
.1 

82.2 

.1 

-.1 

172.0 
10.3 

197.7 

Rhode  Island 

18.0 
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Table  18. — Net  changes  in  the  types  of  Federal-aid  improvements,  etc. — Cont(]. 


state 

Graded 

and 
drained 

Sand- 
clay 

Gravel 

Water- 
bound 
mac- 
adam 

Bitu- 
minous 
mac- 
adam 

Bitu- 
minous 
concrete 

Port- 
land 
cement 
concrete 

Brick 

Bridges 

Total 

South  Carolina 

-18.1 

-235. 8 

35.4 

43.4 

.5 

-63.4 

-0.2 

13.6 

70.9 

1.5 

66.4 

120.9 

"-o.'i" 

3.0 
.6 
1.0 

2.7 
.5 
.6 
1.4 
1.9 
.8 

5.8 

South  Dakota 

7. 6       480. 5 

254.4 

Tennessee 

6.8 
39.4 
76.8 
-3.5 

-0.1 

12.5 

5.8 
14.1 

127.8 

Texas    .... 

-13.7  1     247.9 

454  6 

Utah    

7.5 
4.7 
3.7 

85  3 

Vermont 

15.5 
2.9 

23.5 
101.5 

12.2 

27.1 

181. 0 

1.1 

15.8 

40.8 

Virginia -.. 

-3.9 

18.5 

66.7 

-1.1 

5.2 

-21.6 

84.0 

Washington..- 

55.5 

West  Virginia 

.1 
4.1 
15.5 

43.3 
-.1 

-1.1 

136  9 

Wisconsin 

-6.3 
3.6 

155.8 
98.6 

333.4 

Wyoming .  . 

.6 
.1 

124.6 

Hawaii 

13.8 

29.7 

Total 

684.7 

892.0 

2,360.6 

126.5 

647.2 

159.0 

3, 130. 6 

46.1 

54.1 

8, 100. 8 

Table  19. — Federal-aid  apportionment,  and  amounts  paid  to  the  States  for  the 
fiscal  year  1928,  and  the  unobligated  talance  of  the  total  apportionment  on 
June  SO,  1928 


State 


Apportionment 
fiscal  year  1928 


Paid  to  States 

during  the  fiscal 

year  1928 


Unobligated 
balances  of  total 
apportionment 
on  June  30,  1928 


Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

Florida... 

Georgia.. 

Idaho... 

Illinois 

Indiana 

Iowa 

Kansas.. 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire. 

New  Jersey 

New  Mexico 

New  York 

North  Carolina.. 
North  Dakota... 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Rhode  Island 

South  Carolina.. 

South  Dakota 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

West  Virginia 

Wisconsin.. 

Wyoming 

Hawaii 


$1,  547, 
1, 056, 
1,  277, 
2, 483, 

1,  376, 
472, 
365, 
899: 

1, 979; 
935: 
3, 154: 
1, 926 
2, 044: 
2, 068, 
1,417, 
1,013, 

fiso: 

635: 
1, 

2,  214: 
2,120, 
1,  307: 
2, 405, 
1,551 
1, 585, 

948: 

365: 

934: 

1, 186: 

3,  635: 
1,713, 
1, 194: 
2, 762: 
1,751 
1, 182 
3, 335, 

365, 

1,054 

1,  220, 

1,614 

4, 497, 

846, 

365, 

1,442, 

1, 131 

793: 

1, 870, 

934 

365, 


,  220.  00 
i,  994.  00 
,  896.  00 
,  437.  00 
i,  520. 00 
!,  685. 00 
,  625.  00 
',451.00  I 
,209.00  ! 
i,  193.  00  j 
,429.00  I 
1,772.00  , 
,999.00 
,532.00 
,947.00  i 
,308.00  1 
1,794.00  I 
,  119. 00 
<,  100. 00  1 
,691.00  I 
,741.00 
,879.00  ! 
,  175.  00  ' 
,499.00  : 
1,138.00  1 

;,  510. 00 

i,  625.  00  I 
,611.00  j 
1,763.00  I 
i,  217. 00  i 
,356.00 
,951.00 
;,  209. 00 
,  891.  00 
;,  202.  00 
,  735.  00 
,  625.  00 
,  988. 00 
1, 064.  00 
,  766.  00 
,  272. 00 
,  906.  00 
,  625.  00 
;,  714.  00 
,  532. 00 
,  636.  00 
I,  455.  00 
:,  369.  00 
i,  625.  00 


Total. 


73, 125,  000.  00 


$2,  759, 

422, 

796, 

2, 444, 

1,371 

415 

396, 

1,261 

2,  260, 

936, 

3,021 

2, 767, 

3,507 

3,071 

2,214 

959, 

469, 

555, 

676, 

2,  326, 

1, 

1, 839 
2,  658, 
1,7' 
2,  653 
937, 
371 
1, 319, 
1, 417 
5,  O6I: 
1,  589: 
1 

2, 183, 

1,  618 

658: 

3,031 

318 

1,  259: 

1, 167, 

1, 157, 

4, 367, 

1,290 

694' 

1, 439, 

521 

1, 043, 

2, 959, 

1, 106, 

325. 


:,  436.  01 
,  612.  86 
,  944.  39 
,  058.  74 
,  289.  33 
.,  176.  60 
,  265.  91 
i,  205.  94 
;  021.  88 
,  486. 88 
,  823. 43 
,  729.  88 
,  637.  66 
,  946.  66 
',  664. 41 
',  884.  26 
,  946. 88 
,  811.  29 
,  490.  95 
,635.11 
,  908.  75 
,  532. 48 
,  896.  60 
,  649. 87 
,  054. 96 
,  194.  25 
,  535. 00 
,  762.  65 
,  107. 41 
,  297.  53 
,  404. 82 
,  363.  28 
;,  293. 19 
;,  467.  98 
,  621.  22 
i,  506. 03 
i,  902. 48 
,  023. 73 
,  624. 72 
,  659. 10 
1, 052.  52 
,  117.  53 
,  060.  08 
,  599.  31 
,  717.  00 
,  014.  72 
,  907. 83 
,  901. 59 


$1,  645, 
2, 

1,  766, 

3,  363 

2,  573, 
566, 
190, 

1, 210, 
17 
138, 
114, 
267: 
171 

1, 284: 
529: 
317: 

1,  380: 
143 

2,151 
627, 
398 
892, 

1,  550, 

4,  353 
1, 999: 

595, 
65: 

253: 

894: 
3, 910 
1, 141 

637, 
2,591 

387: 
1,  267, 
1, 850: 

576; 
64, 

514 

254 
3, 975, 

220, 
25, 

237 

481 

478, 
1, 435 

167 
1,064 


844. 81 
024.65 
771.75 
012.  39 
202. 04 
752.  61 
680.44 
489.'75 
567.  82 
890.  41 
597.  22 
083.  14 
307.  77 
552.  84 

296. 09 
573.  20 
996.50 
816.  23 

418. 10 
344.95 
471. 43 
222.  08 
939.  55 
988.  31 
143. 13 
556.  89 
727.  25 
177.  00 
813.  28 
462. 81 
531.  23 
992.  37 
001.  85 
602. 49 
098.  47 
129.  27 
046. 16 
396.  43 
514.  16 

777. 15 
468.  70 
749.  79 
473.  81 
853.  61 
843.  46 

768. 16 
440.  82 
116.  50 
241.58 


80, 802,  232.  55 


53,  643,  770.  45 
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NATIONAL-FOREST  ROAD  CONSTRUCTION 

The  systems  of  forest  roads  in  the 
several  States  now  include  a  totnl  of 
13,911  miles,  of  which  11,767  miles  are 
in  the  12  States  of  the  mountain  and 
Pacific  groups  and  the  Territory  of 
Alaska.  All  appropriations  for  forest- 
road  construction  are  being  expended 
upon  these  systems. 

As  shown  by  Table  20,  the  mileage 
of  class  1  highways,  upon  which  it  is 
planned  to  expend,  until  they  are  com- 
pleted, approximately  70  per  cent  of 
each  annual  appropriation,  is  now 
1.089  miles,  of  which  822  miles  are  in 
the  Western  States.  These  are  the 
more  important  highways  which  are 
necessary  sections  or  extensions  of  the 
Federal-aid  system  wholly  within  the 
forest  areas.  The  class  2  highways, 
which  also  extend  the  Federal-aid  sys- 
tem, are  increased  by  recent  additions 
to  a  total  of  7,131  m,iles,  of  which 
6,887  miles  are  in  the  West.  The  class 
3  higliways,  tliose  that  serve  princi- 
pally the  communities  within  the  for- 
ests, now  aggregate  5,690  miles,  of 
which  4.057  miles  are  in  the  Western 
States  and  Alaska. 

Table  20. — Classified  mileage  of  forest 
highway  system  in  several  States 


' 

Mileage  of  forest  highway  system 

state 

Class  1 

Class  2 

Class  3 

Total 

Western: 

Alaska 

373.8 
243.0 
761.8 
495.0 
351.1 
381.0 
97.0 
199.0 
409.0 

63.0 
299.  0 
239.9 
145.0 

373.  8 

Arizona 

California.-. 
Colorado 

174.0 
321.5 

491.0 
995.  6 
1,  228.  0 
738.1 
657.2 
376.4 
211.0 
872.4 

169.0 
458.0 
328.9 
362.0 

908.0 
2, 078.  9 
1,  723.  0 

Idaho 

1, 089.  2 

Montana 

Nevada 

147.4 

1, 185.  6 
473.4 

New  Mexico. 

Oregon 

South     Da- 
kota  

Utah 

115.0 
58.0 

2.0 

525.  0 
1, 339.  4 

234.0 
757.0 

Washington. 
Wyoming . . 

4.7 

573.  5 
507.0 

Total 

822.6 

6, 887.  6 

4.  057.  6 

11,767.8 

Eastern: 

Alabama 

4.5.0 
20.0 

106.0 

99.0 

6.0 

11.0 

65.0 

142.0 
28.8 

62.5 
5.  5 

199.0 
33.0 

173.0 

45.0 

Arkansas 

Florida 

Georgia. 

131.0 
3.0 

51.0 
13.0 

202.0 
122.0 
99.0 

Kentucky... 

6.0 

12.0 

Maine 

11.0 

Michigan... 

13.4 
38.5 

68.4 

Minnesota... 
Nebraska 

41.0 

221.5 
28.8 

New  Hamp 

shire 

New  Jersey.. 

18.3 

15.5 
3.0 

96.3 
8.5 

North  Caro- 
lina.  

Oklahoma... 

49.0 

248.0 
33.0 

Pennsylva- 
nia  

Porto  Rico.. 

24.5 

197.5 

South  Caro- 
lina  

6.0 
55.0 
38.0 

40.0 
189.0 
269.0 

46.0 

Tennessee... 

244.0 

Virginia 

307.0 

Table  20. — Classified  mileage  of  forest 
highway  system,,  etc. — Continued 


Mileage  of  forest  highway  system 

state 

Class  1 

Class  2 

Class  3 

Total 

Eastern— Contd. 
West    Vir- 
ginia  

4.0 

149.0 

153.0 

Total 

266.8 

243.4   1,632.8 

2, 143. 0 

Grand  to- 
tal  

1, 089.  4 

7,131.0  5,690.4 

1 

13,910.8 

As  shown  by  Table  21,  281  miles  of 
forest  highways  of  all  classes  were 
completed  during  the  year.  Of  this 
total,  259  miles  were  in  the  12  Western 
States  and  Alaska,  and  the  remaining 
22  miles  were  in  the  forests  of  3  East- 
ern States. 

The  total  mileage  completed  to  date, 
including  the  results  of  the  last  year's 
work,  is  3,775  miles,  of  which  3,484 
miles  are  in  the  West  and  291  miles 
in  the  East. 

Table  21.— Mileage  of  com,pleted  forest 
hightcay  projects  iy  States 


state 

Mileage    of    fores* 
highway  projects 
completed 

During 
1928 

Total  to 

June  30, 

1928 

Western: 

Alaska                       .    

33.3 

24.1 

32.0 

42.4 

22.8 

21.0 

4.1 

6.5 

57.3 

3.1 

184.9 

261.2 

California.  

284.1 

308.4 

Idaho  

462.4 

Montana              .  _  .  .  . 

364.6 

Nevada 

108.0 

New  Mexico        .      .  .  . 

170.7 

Oregon 

573.9 

South  Dakota 

44.6 

XTtah                     

285.0 

Washington            

7.6 
5.3 

195.9 

Wyoming                 

240.2 

Total        

259.5 

3,  483.  9 

Eastern: 

5.1 

56.8 

Florida 

64.2 

Georgia       

2.8 

21.4 

Michigan    

8.1 

8.1 

34.6 

Nebraska    

New  Hampshire 

3.6 

New  Jersey 

North  Carolina 

36.3 

Oklahoma         ...      .  . 

Pennsylvania       .  . 

South  Carolina 

10.7 

16.0 

Tennessee. 

33.5 

Virginia..  

11.9 

West  Virginia 

Total 

21.6 

29L5 

Grand  total..  

281.1 

.    3,775.4 
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Among  the  more  important  roads 
completed  during  the  year  are  sections 
of  the  Moose  Pass,  Mill  Creek,  Ton- 
gass,  and  Glacier  highways  in  Alaska  ; 
the  Salt  River-Pleasant  Valley  high- 
way and  Swift  Trail  in  Arizona  ;  the 
Emigrant.  Gap,  Trnckee-Meyers,  and 
Mendocino  Pass  highways  in  Califor- 
nia :  the  mountain  crossings  through 
Cumbres,  Fremont,  Tennessee,  and  In- 
dependence Passes,  and  a  section  of 
the  Mount  Evans  highway  in  Colo- 
rado; the  Clark  Fork,  Ketchum-Clay- 
ton,  and  Salmon-Montana  line  high- 
ways in  Idaho ;  the  Columbia  Falls- 
Glacier  Park  and  Roosevelt  highways 
and  the  Yellowstone  Trail  in  Mon- 
tana :  the  Conner's  Pass  highway  in 
Nevada :  the  Pleasanton-Box  Canyon 
highway  in  New  Mexico ;  the  Canyon 
City-Burns.  Flora-Enterprise,  Klamath 
Falls-Lakeview,  Heppner-Spray,  San- 
tiam.  and  Roosevelt  coast  highways  in 
Oregon  ;  the  Republic-South  and  Olym- 
pic highways  in  Washington ;  and  the 
Dayton-Steamboat  Rock,  and  Hoback 
Cany  in  highways  in  Wyoming. 

Construction  of  a  number  of  im- 
P'lrtaut  bridges  was  also  completed 
during  the  year.  Among  these  may  be 
mentioned  the  Crooked  Fork  bridge 
on  the  Lewis  and  Clark  highway  in 
Idaho :  the  Coram-Spotted  Bear,  Han- 
uan  Point,  and  Ear  Mountain  bridges 
in  Montana ;  and  the  Jackson  Park 
bridge  in  Wyoming. 

Additional  work,  involving  surfac- 
ing and  in  some  cases  reconstruction, 
was  completed  on  the  following  proj- 
ects :  The  Saxman-Mountain  Point  sec- 
tion of  the  Tongass  highway,  and  two 
sections  of  the  Salmon  River  project 
in  Alaska ;  the  Flagstaff- Angell  proj- 
ect in  Arizona ;  the  Tuba  Pass  project 
in  California  :  the  Tennessee  Pass  proj- 
ect in  Colorado  ;  the  McCall-New  Mead- 
ows, Salmon-Montana  line  projects, 
and  the  Kooskia-Lowell,  middle  sec- 
tion of  the  Lewis  and  Clark  highway 
in  Idaho,  the  latter  involving  recon- 
struction :  reconstruction  and  surfac- 
ing on  the  Belt  Creek  and  Sheep 
Creek  sections  of  the  Y.  G.  B.  line  in 
Montana ;  surfacing  of  the  Scott  Creek 
section  of  the  Alsea  River  project,  the 
Wapinitia  section  of  the  Mount  Hood- 
Wapinitia  project,  and  the  Trail-Park 
Boundary  and  Flora-Enterprise  proj- 
ects, all  in  Oregon,  and  reconstnietion 
and  surfacing  of  the  Mount  Hood  Loop 
and  Oregon  Caves  projects  in  the  same 
State  ;  and  reconstruction  and  surf  a  c- 
ir.g  of  the  Junction-Escalante  project 
in  Utah,  the  Excelsior-Shuksan  section 
of  the  Mount  Baker  project  in  Wash- 
ington, and  the  Buffalo-Ten  Sleep  proj- 
ect in  Wyoming. 


Extensive  use  has  been  made  during 
the  year  of  asphaltic  fuel-oil  treat- 
ments of  fine  crushed  gravel  and  rock 
roads.  This  treatment  has  been  used 
both  as  a  maintenance  and  a  construc- 
tion measure.  It  greatly  improves  the 
fine  crushed  rock  surfaces,  of  which  so 
many  miles  have  been  built,  by  elimi- 
nating dust  and  reducing  surface  wear. 

Two  general  methods  are  in  use, 
known,  respectively,  as  the  surface 
treatment  and  mixing  methods.  The 
latter  gives  promise  of  wider  adapta- 
bility and  moi-e  durable  results.  It 
consists  essentially  of  the  incorporation 
of  a  suitable  quantity  of  asphaltic  fuel 
oil,  generally  1.5  gallons  per  square 
yard,  into  the  upper  3  inches  of  the 
crushed-rock  surfacing.  The  cost  of  a 
treatment  of  this  kind  ranges  from 
$1,200  to  $1,700  per  mile,  under  effi- 
cient management.  'Surface  treatment 
has  also  given  excellent  results  where 
sufficient  attention  has  been  given  to 
prior  smoothing  and  compacting  of  the 
crushed-stone  layer.  The  quantity  of 
oil  required  for  the  surface  treatment 
is  only  about  a  half  gallon  per  square 
yard,  but  the  stone  chips  that  must  be 
applied  for  the  protection  of  traffic 
bring  the  construction  cost  nearly  to 
that  of  the  mixing  treatment,  and  the 
maintenance  cost  is  generally  higher. 
Both  methods  are  more  than  saving 
their  cost  by  conserving  material,  and 
in  addition  they  contribute  materially 
to  the  comfort  and  safety  of  travel  and 
considerably  reduce  the  tractive  resist- 
ance of  the  road  surface  and  conse- 
quently the  expense  of  operating  ve- 
hicles. 

The  survey  of  the  highway  needs  of 
sections  of  Alaska,  mentioned  in  the 
last  annual  report,  is  being  continued. 
As  previously  stated,  one  of  the  princi- 
pal purposes  of  the  survey  is  to  ascer- 
tain what  may  and  should  be  done  by 
highway  construction  to  develop  the 
mineral  deposits,  forest  resources, 
water  power,  and  other  natural  possi- 
bilities of  southeastern  Alaska. 

SURVEYS   AND   CONSTRUCTION    IN   THE 
NATIONAL  PARKS 

In  furtherance  of  the  national-park 
program  there  was  brought  to  comple- 
tion during  the  year,  under  the  bureau's 
supervision,  the  improvement  of  nearly 
42  miles  of  road  in  five  national  parks. 
This  work  was  done  under  the  agree- 
ment with  the  National  Park  Service 
by  which  the  bureau  has  undertaken  to 
survey  and  supervise  the  construction 
of  roads  in  the  1.500-mile,  5-year  pro- 
gram of  national-park  road  improve- 
ment which  has  been  mapped  out.    The 
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roads  completed  this  year  bring  the 
total  completed  under  the  bureau's  su- 
pervision to  nearly  120  miles;  and  at 
the  close  of  the  year'  there  were  164 
miles  additional  which  were  under 
construction  and  322  miles  on  which 
surveys  were  in  progress. 

The  mileage  included  in  the  5-year 
program  in  each  of  the  parks,  and  the 
mileage  completed  under  the  bureau's 
supervision  during  the  last  year  and  to 
date,  are  shown  in  Table  22. 

Table  22. — The  5-year  program  of  na- 
tional-park  road  improvement,  and 
the  nuleage  of  roads  improved  under 
the  supervision  of  the  Bureau  of 
Public  Roads 


1 

Mileage 
of  the 
5-year 
pro- 
gram 

Mileage  com- 
pleted under 
the  supervision 
of  the  bureau 

National  park 

Dur- 
ing the 
fiscal 
year 
1928 

Total 

to 

June 

30. 1928 

Western: 

Crater  Lake 

80.2 

L3 

17.5 

141.5   - 

5.5 

Mount  Rainier 

Grand  Canyon 

Yosemite. 

Sequoia  and  General 
Grant - 

112.7 
149.4 
217.8 

115.0 
45.6 

358. 4 
63.7 
47.3 
23.2 
81.0 
73.5 

11.8 

"'iO' 

3.8 

11.8 
12.3 
27.4 

26.4 

Lassen  Volcanic 

5.8 

Rocky  Mountain 

1.8 

Hawaii     

11.2 

1L2 

Mount  McKinley 

Total 

1,  509.  3 
4.5 

41.9 

119.7 

Eastern:  Lafayette 

Grand  total 1.. 

1,513.8         41.9 

119.7 

Of  outstanding  interest  among  the 
projects  at  present  under  construction 
are  the  Trausmountain  Highway  in 
Glacier  National  Park,  which  is  rapidly 
nearing  completion ;  the  Zion-Mount 
Carmel  project  in  Zion  Park,  on  which 
the  tunneling  Is  an  especially  interest- 
ing feature ;  the  road  surfacing  projects 
in  Yosemite ;  the  work  on  the  north 
and  south  rim  roads  at  the  Grand 
Canyon ;  and  the  stage  construction 
betterments  of  the  West  Side  Highway 
in  Mount  Rainier  National  Park. 

In  all  this  work  in  the  national  parks 
special  attention  is  given  to  the  de- 
velopment of  aesthetic  features  of  the 
roads  and  bridges,  and  every  possible 
effort  is  made  to  avoid  scarring  the 
landscape  and  to  preserve  the  scenic 
beauties  for  which  the  parks  ar 
famous. 


The  fact  that  the  bureau  has  engi- 
neering direction  of  the  work  in  both 
the  national  forests  and  the  national 
parks  has  facilitated  the  solution  of 
problems  of  correlation  between  the 
park  roads  and  those  of  the  surround- 
ing and  intervening  forests.  Several 
major  problems  have  developed.  The 
two  isolated  areas  of  the  Grand  Canyon 
Park  will  have  to  be  connected  by  a 
road  which  must  extend  through  the 
Kaibab  Forest  and  the  House  Rock 
Valley  to  a  crossing  of  the  Colorado 
at  Lees  Ferry  and  thence  through  the 
Navajo  Indian  Reservation  on  the  south 
side.  Some  progress  has  been  made  in 
the  construction  of  the  Lees  Ferry 
Bridge,  but  before  the  route  can  be 
developed  to  full  use  many  miles  of 
road  must  be  built. 

Sequoia  and  General  Grant  Parks  are 
separated  by  forest  area,  through 
v.diich  a  road  must  be  constructed  as 
a  link  in  the  General's  Highway.  On 
the  Belton-Glacier  forest  project  there 
still  remains  a  section  of  25  miles  to 
link  the  two  sides  of  Glacier  Park. 
Much  further  work  is  needed,  also,  on 
the  east  and  south  entrance  roads  to 
Yellowstone  Park,  both  within  national 
forests ;  and  provision  must  be  made 
for  the  Big  Oak  Flat  and  Wawona 
entrances  to  Yosemite.  both  largely 
within  the  forest.  For  Mount  Ranier 
Park  a  much  needed  entrance  from 
White  River  is  now  under  construc- 
tion as  a  forest  project  and  an  ap- 
proach to  the  northwest  corner  of  the 
park  from  Fairfax  is  planned. 

The  forest  and  park  mads  are  de- 
veloping such  importance  that  the  ques- 
tion of  snow  removal  must  be  given 
careful  consideration.  During  the  past 
winter  snow  was  removed  by  the  State 
of  Colorado  on  the  Tennessee  Pass 
forest  project  over  the  ContuKTiital 
Divide.  (Elevation  10,400  feet.)  The 
previous  winter  Berthnud  Pass  was 
kept  open  into  February,  when  the  na- 
tional funds  available  became  ex- 
hausted. Other  important  forest  proj- 
ects which  were  open  during  the  winter, 
are  the  Flagstaff -Angel  and  Prescott- 
White  Spar  project  in  Arizona :  the 
Canoncito-Pecos  project  in  New  Mex- 
ico :  and  the  Bear  Valley  and  Swartout 
projects  in  California.  Snow  removal 
on  these  projects  was  made  possible  by 
the  study  given  this  problem  when  the 
locations  were  made. 

SPECIAL  ROAD  PROJECTS 

SURVEY   OF   FLOOD    DAMAGE    IN    VERMONT   AND 
NEW  HAMPSHIRE 

Following  the  unprecedented  flood 
which   occurred  in  Vermont  and  New 
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Hampshire  in  November,  1927,  the  bu- 
reau was  requested  by  the  governors 
of  the  twt)  States  to  make  a  survey  of 
the  resulting  damage  to  roads  and 
bridges  and  estimate  the  cost,  as  the 
basis  for  a  determination  of  the  funds 
required  to  replace  or  repair  the 
damaged  highvrays  and  bridges. 

In  compliance  with  these  requests  a 
special  force  of  engineers  was  organ- 
ized from  the  personnel  of  the  bureau, 
the  survey  was  made,  and  a  report  was 
rendered,  in  a  little  more  than  a 
month's  time,  which  placed  the  cost  of 
the  damage  in  Vermont  at  approxi- 
mately $7,400,000,  and  that  in  New 
Hampshire  at  $2,700,000. 

As  a  measure  of  immediate  relief  in 
Vermont  it  was  necessary  to  replace 
two  important  bridges  over  the  Wi- 
nooski  River,  both  of  which  had  been 
washed  away.  As  the  railroad  through 
this  river  valley  was  damaged  beyond 
hope  of  immediate  repair  it  was  neces- 
sary that  both  of  these  bridges  be  re- 
placed as  rapidly  as  possib  e  in  order 
that  the  work  of  rehabilitating  the 
devastated  area  might  be  expedited  in 
anticipation  of  the  coming  winter. 

The  responsibility  for  the  construc- 
tion of  one  of  the  two  bridges,  that  at 
Middlesex,  Vt.,  was  accepted  by  the 
bureau.  A  temporary  bridge  was  de- 
signed which  could  be  built  of  mate- 
rials available  in  the  vicinity ;  and  in 
12  days  from  the  arrival  of  the  mate- 
rials at  the  site,  the  bridge  was  com- 
pleted at  a  cost  of  approximately 
$9,000,  much  of  which  is  salvable. 

In  connection  with  the  survey  of 
damage,  the  bureau  also  made  special 
hydrographic  and  rainfall  studies,  as- 
sembled eye-witness  reports  of  high- 
water  stages  at  various  points,  and  ac- 
cumulated a  mass  of  data  and  evidence 
which  will  be  of  great  value  in  the 
future  design  of  bridges  and  road 
grades  in  the  area  affected. 

MOUNT  VERNON  MEMORIAL  HIGHWAY 

On  May  24.  1928,  the  President 
signed  the  act  authorizing  and  direct- 
ing the  survey,  construction,  and  main- 
tenance, under  the  supervision  of  the 
Secretary  of  Agriculture,  of  a  memorial 
highway  to  connect  Mount  Vernon,  the 
home  of  George  Washington,  with  the 
Arlington  Memorial  bridge  over  the 
Potomac  River  at  Washington.  The 
act  authorizes  the  appropriation  of  the 
following  sums,  to  be  available  until 
expended :  $500,000  for  the  fiscal  year 
1928,  $2,000,000  for  the  fiscal  year  1929, 
and  $1,000,000  for  each  of  the  fiscal 
years  1930  and  1931.  It  is  the  purpose 
to  complete   the  highway  by  1932  in 


order  that  it  may  be  oflBcially  opened 
and  dedicated  as  an  incident  of  the 
celebration  of  the  bicentennial  of  the 
birth  of  Washington  in  that  year. 

Prior  to  the  passage  of  the  act  the 
bureau  had  made  reconnoissance  sur- 
veys of  two  possible  locations  at  the 
request  of  the  Committee  on  Roads  of 
the  House  of  Representatives  and  had 
furnii-hed  the  committee  with  an  esti- 
mate of  the  cost  of  constructing  the 
road  on  a  suitable  location. 

Since  the  passage  of  the  act  the 
Secretary  of  Agriculture  has  delegated 
the  duty  of  surveying  and  supervising 
the  ccmstruction  of  the  highway  to 
this  bureau ;  and  detailed  surve.vs  with 
the  object  to  fixing  the  final  location 
were  begun  on  June  15,  1928.  Work 
on  these  surveys  will  be  prosecuted 
with  all  possible  vigor,  and  it  is  hoped 
that  a  final  decision  on  the  location 
may  be  possible  in  time  to  let  at- 
tracts and  start  the  grading  during 
the  fall  of  1928  in  order  to  allow  as 
much  time  as  possible  for  the  consoli- 
dation of  the  fills  before  surfacing  is 
applied. 

HIGHWAY  RESEARCH 

THE  CLEVEUND  HIGHWAY  PLANNING  SURVEY 

The  outstanding  economic  research 
project  of  the  year  was  the  survey  of 
traffic  and  study  of  the  causes  of  traf- 
fic congestion  in  the  metropolitan  re- 
gion surrounding  the  city  of  Cleve- 
land, Ohio.  This  project,  initiated  at 
the  request  of  the  board  of  county 
commissioners  of  Cuyahoga  County, 
Ohio,  in  September,  1927,  and  con- 
ducted in  cooperation  with  that  body 
and  with  the  assistance  of  officials  of 
other  counties  and  numerous  cities, 
villages,  and  townships  in  the  metro- 
politan region,  was  completed  during 
the  fiscal  year. 

As  a  result  of  the  survey  a  plan  for 
the  future  development  of  the  exist- 
ing roads  of  the  area  and  the  con- 
struction of  new  arterial,  by-pass,  and 
relief  highways  has  been  prepared  by 
the  bureau  and  enthusiastically 
adopted  by  the  authorities  of  all  juris- 
dictions concerned,  and  active  prepar- 
ations are  now  being  made  to  construct 
the  planned  impi'ovements. 

As  a  basis  for  the  plan,  a  great  mass 
of  data  was  obtained  concerning  the 
average  and  maximum  density  of  traf- 
fic on  all  important  highways  in  the 
area ;  the  origin  and  destination  of  the 
traffic ;  the  most  direct  routes  from 
origin  to  destination  of  the  large  move- 
ments, and  the  causes  of  habitual  de- 
parture from  such  routes  where  it  was 
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found  that  traffic  was  not  following 
the  direct  route ;  the  habitual  speed 
of  traffic  and  conditions  influencing 
speed  and  causing  congestion,  such  as 
grade  crossings,  street-car  tracks  and 
loading  platforms,  traflSc  lights,  the 
convergence  of  heavily  traveled  high- 
ways, etc. ;  the  width  of  pavement  re- 
quired to  accommddate  various  densi- 
ties of  traffic ;  the  possibility  of  es- 
tablishing new  routes  which  will  re- 
lieve congestion  on  present  routes  and 
provide  more  direct  communication  be- 
tween various  areas ;  and  other  facts 
of  similar  fundamental  importance. 

This  mass  of  data  was  carefully 
analyzed,  and,  after  a  detailed  study 
and  appraisal  of'  the  condition  and 
availaljility  of  existing  pavements,  a 
plan  of  new  construction,  resurfacing, 
and  suriace  widening  was  drawn  up 
which  utilizes  io  the  greatest  possible 
degree  the  improvements  previously 
made  in  the  area.  Because  of  the 
thoroughness  of  the  study  there  is  high 
confif'ence  that  the  plan  developed  will 
provide  a  satisfactory  solution  of  the 
intricate  traffic  problems  of  this  im- 
portant area  and  will  do  so  with  econ- 
omy. 

Not  the  least  of  the  accomplishments 
in  connection  with  this  survey  and 
plan,  of  which  the  bureau  is  especially 
proud,  is  the  success  which  attended 
its  efforts  to  bring  together  and  har- 
monize the  interests  of  the  many  more 
or  less  independent  jurisdictions  in- 
volved. Without  which  no  consistent 
hiuhway  deve'opment  in  the  area 
would  be  possible.  The  beneficial  re- 
sults of  this  cooperation  which  will 
shortly  be  Uianifested  in  concrete  form 
may  well  serve  as  an  object  lesson  to 
other  communities  s'milarly  consti- 
tuted and  beset  by  similar  problems. 

PHYSICAL  RESEARCHES 

The  physical  researches  of  the  bu- 
reau relate  to  the  character  and  use  of 
highway  mater. als  and  to  the  behavior 
of  highway  structures.  The  purpose 
of  this  work  is  to  develop  scientific 
facts  which  may  serve  as  a  basis  for 
the  establishment  of  sound  engineering 
practices  and  whch  will  result  in  ef- 
fective and  economical  highway  con- 
struction. The  investigations  include 
detailed  studies  to  determine  the  char- 
acteristics of  the  various  materials,  the 
comparative  values  of  different  mate- 
rials which  may  be  used  for  the  same 
purpose  and  the  best  methods  of  using 
them  in  construction,  the  forces  which 
tend  to  destroy  highways  and  the  most 
effective  means  of  resisting  these  de- 
structive  forces,    and   the   manner   in 


which  the  various  materials  and  com- 
binations of  materials  fulfill  their 
purpose. 

The  value  of  this  work  can  scarcely 
be  overest  mated.  This  is  due  to  the 
fact  that  the  results  are  multiplied  in 
their  appl  cation  year  after  year  to  a 
vast  mileage  of  roads  still  to  be  built 
or  rebuilt.  The  comparatively  small 
saving  made  possible  by  the  improve- 
ment of  just  one  material  or  item  of 
construction  is  multiplied  time  after 
time  by  repeated  use  of  the  improve- 
ment on  each  mile  of  road  in  which 
the  particular  material  or  item  is  in- 
volved. In  time  there  is  returned  to 
the  public  a  saving  out  of  all  propor- 
tion to  the  comparatively  small  expense 
of  the  research  which  made  it  possible. 

The  following  description  summa- 
rizes br  efly  the  n)ore  im])ortant  of 
the  physical  researches  which  have 
been  current  during  the  past  year. 

SUBGRADE  INVESTIGATIONS 

It  is  the  present  practice  in  road 
construction  to  build  pavements  with- 
out regard  to  variable  subgrade  con- 
ditions. A  pavement  which  is  he  ivy 
enough  for  the  good  subgrades  may 
fail  in  those  portions  where  the  sub- 
grade  is  bad.  If  it  is  heavy  enough 
for  the  bad  subgrades  it  is  unneces- 
sarily heavy,  and  therefore  unduly  ex- 
pensive, for  the  portions  of  the  road 
where  the  subgrade  is  good.  It  has 
been  estimated  that  in  cert;un  locali- 
ties the  difference  in  cost  between 
a  concrete  pavement  suitable  for  a 
good  subgrade  and  one  suitable  for 
a  poor  subgrade  may  amount  to  as 
much  as  $3,000  per  mile,  or  from  10 
to  15  per  cent  of  the  total  cost.  Con- 
sidering the  great  milenge  of  highways 
which  must  be  paved,  it  can  be  appre- 
ciated that  the  savings  which  will 
result  from  an  accurate  knowledge  of 
subgrades  may  be  enormous. 

For  these  reasons  the  subgrade  in- 
vestigations which  are  now  under  way 
are  considered  as  among  the  most  im- 
portant of  the  bureau's  physical  re- 
searches. They  are  perhaps  also  the 
most  difficult  of  the  investigations 
with  which  the  bureau  is  at  present 
concerned,  for  they  cnmstitute  a  fun- 
damental research  in  a  problem  of 
extreme  complexity. 

Laboratory  :ind  field  investigations 
are  being  carried  on  simultaneously 
to  develop  the  required  information. 
In  the  laboratory  a  study  is  being 
made  of  various  tests  which  will  serve 
to  identify  and  clas.sify  soils  for  the 
purposes  of  the  highway  engineer.  In 
this   work   advantage  is   being  taken 
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of  the  extensive  work  of  the  United 
States  Bureau  of  Chemistry  and  Soils 
in  the  classification  of  soils  for  agri- 
■cultural  purposes.  In  the  field,  sur- 
veys of  roads  and  pavements  are  being 
made  in  different  parts  of  the  country, 
where  the  conditions  are  most  f;ivor- 
able  for  such  work,  to  determine  the 
influence  of  soil  characteristics  on 
pavement  behavior  and  to  observe  the 
efl5cieucy  of  the  various  corrective 
measures  which  are  beins'  used  to  im- 
prove poor  subgraries.  A  laboratory 
and  field  investigation  of  the  failure 
of  roads  due  to  frost  action  is  also 
in  progress. 

The  subgrade  investigation  requires 
the  concerted  efforts  of  the  physicist, 
the  soil  scientist,  and  the  highway  en- 
gineer. Certain  portions  of  the  work 
are  conducted  independently  by  the 
Bureau  of  Public  Roads,  while  others 
are  conducted  with  the  cooperation  of 
the  Bureau  of  Chemistry  and  Soils, 
the  Massachusetts  Institute  of  Tech- 
nology, the  Ohio  State  University,  and 
the  University  of  South  C;irolina. 

In  research  of  this  cliaracter  rapid 
progress  is  not  to  be  expected  since  the 
procedure  can  not  be  outlined  in  ad- 
vance but  must  be  deve!ope{l  step  by 
step  and  with  extreme  care,  using  as  a 
basis  tlie  information  made  available 
by  the  preceding  pliases  of  the  work. 
However,  definite  progress  is  being 
made.  Already  it  has  been  possible  to 
develop  a  soil  classification,  useful  for 
highway  purposes,  and  to  establish, 
within  broad  limits,  practices  in  de- 
sign and  construction  which  promise 
success  when  applied  to  the  building  of 
roads  involving  possible  combinations 
of  the  various  types  of  road  surface 
with  the  various  classes  of  soils. 

Somewhat  related  to  tlie  problems 
connected  with  subgrades  is  tlie  proli- 
lem  of  landslides.  Landslides  are  re- 
sponsible not  only  for  the  expenditure 
of  enormous  sums  annually  for  extra 
highway  maintenance,  but  they  are  a 
menace  to  the  safety  of  the  traveler 
and  seriously  interfere  witli  the  flow 
of  highway  traffic.  In  general,  it  may 
be  said  that  the  present  methods  of 
road  construction  and  maintenance  aim 
only  at  the  correction  of  the  damage 
due  to  slides  after  they  have  occurred 
and  make  little  attempt  to  control  the 
causes  which  produce  them.  In  many 
instances  such  methods  promise  noth- 
ing more  than  an  almost  indefinite  con- 
tinuf<tion  of  the  existing  trouble. 

The  bureau  has  m.ide  a  survey  of 
slide  conditions  in  Ohio,  West  Virginia, 
and  Pennsylvaniii.  as  a  result  of  which 
it  is  believed  that  the  cooperation  of 


geologist  and  engineer  can  do  much  to 
improve  conditions.  Even  a  partial  al- 
leviation of  present  troubles  is  of  suffi- 
cient importance  to  justify  a  compre- 
hensive study  of  the  situation.  Suit- 
able drainage  is  indicated  as  the  nec- 
essary corrective  me:isure  which  will 
be  effective  in  a  large  majority  of 
cases. 

LOW-COST  EOAD   INVESTIGATIONS 

Outstanding  in  the  research  develop- 
ments of  tlie  past  year  have  been  the 
results  of  the  study  of  light  oil  treat- 
ments of  crusiied  rock  and  gravel  roads 
in  the  Western  States.  Thousands  of 
miles  of  such  roads  have  been  con- 
structed and  liave  proved  adequate  for 
the  traffic.  However,  they  have  been 
found  to  have  two  serious  defects. 
They  are  extremely  dusty  in  dry 
weather,  in  some  cases  to  such  an  ex- 
tent as  to  seriously  menace  the  safety 
of  traffic,  and  tliey  are  worn  down 
rapidly  by  the  wheels  of  veiiicles.  In 
some  cases  from  1  to  1%  inches  of 
surfacing  material  may  be  lost  in  a 
year.  The  yearly  cost  of  replacing 
this  lost  material  may  easily  amount 
to  as  much  as  $1,000  per  mile.  To 
eliminate  these  objectionable  features, 
methods  of  treatment  with  light  as- 
pbaltic  oils  have  been  developed  and 
uded  in  Oregon  and  California. 

AVith  the  coopei'ation  (tf  the  Cali- 
fornia Highway  Commission,  the  bu- 
reau has  made  an  exten.sive  study  of 
this  tyi)e  of  improvement.  A  report 
describing  the  methods  of  treatment 
and  the  essential  principles  necessary 
for  successful  construction  has  been 
published  during  the  year  and  dis- 
tributed to  highway  officials  through- 
out the  country.  This  report  lias 
proved  to  be  of  immediate  value,  for 
already  a  number  of  the  States  are 
using  the  new  methods  in  construction 
and  maintenance  work. 

In  South  Carolina  the  cooperation 
with  the  State  highway  department,  in 
the  treatment  of  sand-clay  and  topsoil 
roads  with  tars  and  asphalts,  has  been 
continued,  and  a  valuable  report  de- 
scribing the  earlier  experiments  has 
been  issued.  The  objectionable  fea- 
tures of  untreated  sand-clay  and  top- 
soil  roads  are  similar,  in  some  respects, 
to  those  of  the  crushed-rock  and  gravel 
roads  of  the  West,  in  that  they  wear 
rnpidly  and  are  extremely  dusty  in  dry 
weather.  In  addition  to  these  defects, 
many  of  them  become  muddy  during 
periods  of  wet  weather.  The  experi- 
ments have  been  so  successful  in  de- 
veloping satisfactory  low-cost  surface 
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treatments  for  roads  of  this  type,  re- 
sulting in  greatly  improved  all-weather 
sei-v'ice,  that  considerable  mileages  of 
highways  have  already  been  improved 
by  the  new  methods.  Sand-clay  and 
topsoil  are  used  extensively  in  the 
Southern  States  for  the  construction 
of  light-traffic  roads,  since  the  ma- 
terials are  readily  available  in  many 
sections  and  relatively  inexpensive. 
This  investigation  has  produced  results 
of  great  value  to  that  section  of  the 
country. 

In  the  coastal  plain  region  of  the 
South  Atlantic  States  there  are  large 
areas  where  the  use  of  the  local  ma- 
teiials  produces  unstable  and  extremely 
unsatisfactory  soil-type  roads  and 
where  the  better  classes  of  materials 
are  unduly  expensive  on  account  of  dis- 
tance from  the  source  of  supply.  The 
cooperative  experimental  work  in  South 
Carolina  has  been  extended  to  this 
area  for  the  purpose  of  developing 
"  mixed-in-place "  treatments  which 
will  stabilize  the  soil-type  roads  which 
now  exist  and  thus  increase  their  serv- 
ice value.  The  experimental  sections 
which  have  been  constructed  are  not 
yet  of  sufficient  age  to  permit  of  definite 
statements  as  to  their  value  but  the 
present  indications  are  that  the 
"  mixed-in-place  "  type  of  constniction 
may  be  used  with  the  materials  locally 
available  to  produce  economical  and 
serviceable  light-traffic  roads. 

VIKtilNIA    DEMONSTRATION     ROAD 

What  is  known  as  the  Virginia  dem- 
onstration road  is  a  research  project  of 
more  than  usual  Interest  and  one  which 
it  is  believed  will  eventually  rank  in 
importance  with  the  Bates  Road  (Illi- 
nois) and  Pittsburg  (California)  tests. 
Unlike  the  previous  test  roads,  the 
demonstration  road  was  not  built  pri- 
marily for  testing  purposes  and  does 
not  constitute  a  test  of  road  design  or 
of  surfacing  materials.  It  is  a  concrete- 
paved  highway,  built  for  and  carrying 
the  regular  highway  traffic.  The  in- 
vestigations which  are  being  made  are 
studies  of  the  effect  of  variable  sub- 
grade  conditions  and  various  construc- 
tion practices,  such  as  methods  of  plac- 
ing, finishing,  and  curing  concrete  and 
the  use  of  joints  of  different  types. 

The  road  is  located  in  northern  Vir- 
ginia between  Fairfax  and  Warrenton. 
It  is  a  Federal-aid  project,  and  the  ex- . 
perimental  features  are  handled  co- 
operatively by  the  bureau  and  the  Vir- 
ginia Highway  Commission.  The  test 
sections,  which  are  CO  in  number  and 


have  a  total  length  of  approximately 
12  miles,  were  built  during  the  con- 
struction seasons  of  1926  and  1927. 
Obsex'vations  covering  a  period  of  sev- 
eral years  will  be  necessary  to  deter- 
mine the  influence  of  the  variables 
which  are  included  in  the  study.  This 
demonstration  is  claiming  the  atten- 
tion of  highway  officials  throughout 
the  country  and  the  knowledge  which 
will  be  gained  will  undoubted  y  exert  a 
major  influence  on  future  highway  con- 
struction. A  progress  report  descrip- 
tive of  the  project  has  been  published. 

CONNECTICUT   AVENUE  EXPERIMENTAL 
ROAD 

The  Connecticut  Avenue  experimen- 
tal road,  extending  from  Chevy  Chase 
Circle  to  Chevy  Chase  Lake  in  Mont- 
gomery County,  Md.,  was  constructed 
by  the  bureau  during  the  years  1911, 
1912,  and  1913.  The  experiment  in- 
volved the  construction  and  subsequent 
observation  of  numerous  types  of  pave- 
ment, including  bituminous  penetration 
macadams,  surface-treated  macadams, 
Portland  cement  concrete  pavements, 
and  asphaltic  concrete  and  brick  wear- 
ing surfaces  on  Portland  cement  con- 
crete bases.  During  the  ensuing  15  to 
17  years  the  road  has  been  subjected 
to  a  very  heavy  traffic.  Throughout 
this  period  it  has  been  maintained  by 
the  bureau,  and  the  maintenance  costs, 
together  with  the  observed  behavior  of 
each  section,  have  been  carefully  re- 
corded. 

The  experiment  is  unique  in  that  it 
has  made  available  accui*ate  mainte- 
nance costs,  extending  over  a  consider- 
ab  e  period  of  time,  for  a  number  of 
the  more  important  types  of  pavement 
construction.  In  addition  to  this  it 
has  yielded  much  valuable  information 
regarding  the  effect  of  various  design 
and  construction  practices  on  the  sub- 
sequent behavior  of  these  types  of 
pavements.  During  the  year  there  has 
been  published  an  instructive  report 
describing  in  detail  the  present  condi- 
tion of  the  experimental  sections  and 
the  yearly  costs  of  preserving  their 
surfaces  in  serviceable  condition. 

MOTOR-TRUCK   IMPACT   INVESTIGATIONS 

The  impact  forces  delivered  to  a 
pavement  by  the  hammerlike  blows  of 
the  wheels  of  a  moving  truck  may  be 
enormous  as  compared  with  the 
weight  of  the  same  wheels  at  rest.  It 
is  essential  to  have  a  knowle<lge  of 
these  impact  forces  and  the  variables 
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-which  detprmine  their  magnitude. 
This    is    necessary    for    two    reasons : 

(1)  In  order  that  pavements  may  be 
built  strong  enough  so  that  they  will 
not   fail  under  traffic  conditions,  and 

(2)  in  oilier  that  reasonab  e  regula- 
tions may  be  developed  to  govern  the 
operation  of  vehicles.  The  interrela- 
tionship between  the  highway  and  the 
vehicle  is  such  that  highway  design 
and  vehicle  regulation  must  be  ad- 
justed to  each  other  so  as  to  result  in 
maximum  economy.  The  economic  de- 
velopment of  highway  transportation 
must  be  encouraged,  and  at  the  same 
time  the  enormous  investment  in  high- 
ways must  be  safeguarded. 

The  Bureau  of  I'ub.ic  Roads  has 
been  a  leader  in  the  study  of  the  fac- 
tors in  motor-vehicle  operation  which 
influence  the  destructive  effect  on  the 
highway.  Past  work  in  this  field  has 
served  to  produce  the  complicated  in- 
struments necessary  for  the  measure- 
ment of  thv  instantaneous  blows  of 
tnick  wheils  and  to  develop  the  basic 
data  which  may  now  be  utilized  in 
more  extended  studies  which  will  yield 
results  of  the  greatest  practical  useful- 
ness. The  work  is  being  continued 
with  the  cooperation,  as  in  the  past,  of 
the  Society  of  Automotive  Engineers, 
representing  the  interests  of  the  motor- 
vehicle  manufacturers,  and  the  Rubber 
Association  of  America,  representing 
the  manufacturers  of  rubber  tires. 

One  of  the  current  motor-truck  im- 
pact investigations  is  to  determine  if 
the  use  of  special  types  of  resilient  or 
cushion  wheels  has  any  tendency  to  de- 
crease the  destructive  effect  <  f  the  im- 
pact forces.  This  study  was  prompted 
by  the  possibility  that  improvements 
in  wheel  design  may  be  fully  as  im- 
portant in  reducing  impact  forces  as 
are  improvements  in  tire  design. 

Another  investigation,  which  was 
made  during  the  past  year  and  con- 
cerning which  a  report  has  been  issued, 
was  to  answer  the  question  which  has 
been  raised  repeatedly  during  the  past 
as  to  whether  or  not  certain  types  of 
pavements,  notably  asphaltic  surfaces 
on  concrete  bases,  possess  cushioning 
or  shock-absorbing  properties,  by  vir- 
tue of  which  the  pavement  base  is  pro- 
tected from  the  full  effect  of  the  im- 
pact forces.  This  information  is  re- 
quired if  competing  types  of  pavements 
are  to  be  designed  on  a  comparable 
strength  basis.  As  a  result  of  these 
tests  it  was  concluded  that  there  is  no 
appreciable  difference  in  the  cushion- 
ing properties  of  the  rigid-type  pave- 
ments, irrespective  of  the  type  of  wear- 
ing surface  which  may  be  used. 


HIGHWAY-BRIDGE    INVESTIGATIONS 

The  rapid  development  of  the  pres- 
ent highway  program  has  resulted  in 
an  immediate  need  tor  information 
relative  to  so  many  phases  of  the  work 
that  many  investigations,  important 
in  themselves  but  less  urgently  needed, 
have  of  necessity  been  deferred.  At 
present  the  fundamentals  of  bridge  de- 
sign are  much  more  thoroughly  under- 
stood than  are  those  of  many  other 
phases  of  highway  constructiim  and 
for  this  reason  it  has  been  necessary, 
temporarily,  to  relegate  to  the  back- 
ground desirable  researches  relating  to 
the  design  of  drainage  stiaictures.  In 
spite  of  this  necessity  the  bureau  has 
engaged  in  some  rather  important 
bridge  investigations,  the  more  notable 
of  the  recent  ones  being  the  Delaware 
River  bridge  tests  and  the  North  Caro- 
lina bridge  tests. 

The  Delaware  River  bridge  investi- 
gation, which  was  completed  prior  to 
the  beginning  of  th's  fiscal  year,  was 
described  in  the  last  annual  report.  A 
report,  giving  the  results  of  the  investi- 
gation, has  been  published  during  the 
year. 

In  the  previous  report  mention  was 
made  of  the  proposed  loading  tests  on 
a  large  concrete  arch  bridge  of  modern 
construction.  The  br  dge  in  question, 
which  was  built  in  1922  as  a  Federal- 
aid  project,  was  located  on  the  Pee 
Dee  River  near  Albemarle,  N.  C.  It 
consisted  of  three  concrete,  open-span- 
drel, arch  spans  of  about  150  feet  each 
and  14  concrete,  deck-girder,  approach 
spars  of  about  40  feet  each,  the  total 
length  of  the  structure  being,  approxi- 
mately 1,070  feet.  A  dam,  which  was 
built  several  miles  downstream  for 
power-development  purposes,  made  nec- 
essary the  destruction  of  the  bridge 
since  it  would  have  been  completely 
submerged  by  the  impounded  water. 
A  new  br  dge  was  constructed  at  a 
hi-^her  level  to  replace  it  and  the  older 
structure  was  thus  made  availnble  for 
test  in  the  interval  prior  to  the  com- 
p'eton  of  the  dam. 

Advantage  was  taken  of  this  ut^ usual 
opportunity  and  a  program  of  loading 
tests  has  been  conducted  cooperatively 
by  the  Bureau  of  Public  Roads  and 
the  North  Carolina  State  Highway 
Commission  with  the  advice  and  assist- 
ance of  a  comm'ttee  of  distinguished 
representatives  of  a  number  of  the  na- 
tional ergineer^ng  organizations. 

The  loading  tests  were  made  with 
two  large  timber  tanks  filled  with 
water,  the  loaded  weight  of  each  tank 
being  approximately  160  tons.     Stress 
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measurements  were  made  under  vari- 
ous conditions  of  loading  for  compari- 
son with  the  stresses  computed  by 
theoret  cal  methods  of  analysis.  Tests 
of  this  character  could  ordinar  ly  be 
made  only  at  enormous  expense  for  the 
test  loads  were  carried  to  a  point 
which  resulted  in  serious  damage  to 
the  structure.  Upon  completion  of  the 
loading  tests  the  bridge  was  destroyed, 
under  the  direction  of  the  War  Depart- 
ment, by  demolition  tests  with  explo- 
sives. 

The  accepted  methods  of  concrete 
arch  desian  are  based  on  theory.  Ex- 
perience has  shown  that  these  methods 
result  in  the  construct  on  of  bridges  of 
ample  strength  for  the  loads  intended 
but  the  opportunity  has  never  before 
been  given  to  test*  the  theory  by  the 
experimental  loading  of  a  large  arch 
bridge  where  damage  to  the  structure 
was  of  no  consequence.  A  report  of 
this  work  will  be  published  during  the 
next  year. 

CONCRETE  INVESTIGATIONS 

The  physical  variations  which  affect 
the  strength  and  integrity  of  concrete 
ai  d  the  effects  of  certain  external 
forces  on  concrete  structures  are,  as 
yet,  most  imperfectly  understood.  The 
bureau,  in  common  with  other  research 
agencies,  is  carrying  on  extensive  in- 
vestigations in  many  phases  of  this 
subject,  which  is  one  of  considerable 
importance  in  bridge  and  pavement 
construction. 

Some  of  the  factore  which  affect  the 
quality  of  concrete  are  qua  ity  of  ce- 
ment ;  t.vpe,  quality  and  gradation  of 
fine  and  coarse  aggregates ;  propor- 
tions in  which  the  constituent  mate- 
rials are  c-mbined:  admixtures  of 
other  materials  which  may  be  added 
for  any  one  of  several  purposes ;  and 
methods  of  curing.  On  the  quality  of 
the  concrete  is  dependent  its  ability 
to  resist  destruction.  It  must  with- 
stand the  stresses  produced  by  external 
load.s,  such  as  the  wheel  loads  of  ve- 
hicles, and  the  internal  forces  resulting 
from  changes  in  length  due  to  varia- 
tions in  temperature  and  moisture.  In 
pavements  it  must  resist  the  abrasive 
action  of  the  wheels  of  vehicles ;  when 
exposed  to  the  weather  it  must  resist 
frost  and  other  v,-eathering  action  ;  and 
in  certain  conditions  of  exposure  it 
must  resist  the  destructive  effects  of 
salt  water  or  alka  i.  With  all  of  the-se 
prob  ems  the  researches  of  the  bureau 
have  been  concerned. 

Among  the  more  important  concrete 
researches  now  in  pr  gress  are  the 
studies     of     concrete-curing    methods. 


tests  to  determine  the  effect  of  varia- 
tions in  type  and  gradation  of  coarse 
aggregates  on  the  strength  of  concrete, 
the  effect  of  type  of  aggregate  on  the 
resistance  of  co.icrete  to  frost  action, 
and  investigations  of  methods  for  pro- 
tecting concrete  from  the  effects  of 
sulphate  waters. 

DEVELOPMENT  OF  SPECIAL  APPAEATUS 

In  connection  with  many  of  the  in- 
vestigations of  the  bureau  there  has 
arisen  the  necessity  for  developing 
and  constructing  scientific  apparatus 
and  equipment  for  special  purposes. 
Some  notable  achievements  have  been 
made  in  this  field.  Among  the  more 
important  of  the  recent  inventions  are 
the  relative  roughness  indicator  for 
measuriag  the  roughness  of  road  sur- 
faces and  the  trafiic  flow  recorder  for 
use  in  connection  with  traffic  surveys. 

The  knowledge  that  smoothness  of 
road  surface  is  an  important  considera- 
tion in  pavement  construction  has 
created  a  demand  for  a  simple  and  con- 
venient instrument  which  will  give  a 
relative  measure  of  this  quality.  To 
meet  this  demand  the  bureau  developed 
the  relative  roughness  indicator  or 
"  rou^ghometer,"  a  comparative! y  simple 
device  which  may  be  attached  to  any 
automobile.  The  instrument  is  based 
on  the  princip'e  that  the  amount  of 
spring  deflection  of  an  automobile 
bears  a  direct  relation  to  the  degree  of 
road  roughness.  The  record  give  the 
total  amount  of  spring  compression  in 
inches  for  any  given  distance  and  a 
comparison  of  records  obtained  on 
different  roads  gives  a  relative  measure 
of  their  roughness.  A  number  of  the 
instruments  are  being  used  by  the 
various  State  highway  departments  and 
one  is  in  use  by  the  Swedish  Institute 
of  Roads. 

The  traffic-flow  recorder  is  a  device 
designed  to  measure  and  record  the 
sp  ed  of  a  vehicle  at  any  instant  and 
simultaneously  to  record  the  time  and 
distance  from  any  fixed  point  at  the 
beginning  of  a  trip.  It  consists  of  a 
clock,  an  odometer,  and  a  speedometer, 
all  so  mounted  in  a  box  within  the 
field  of  a  camera  that  they  can  be 
photographed  simultaneously.  The  in- 
strument is  used  to  measure  and  record 
the  variable  speed  of  highway  traflic 
and  the  simultaneous  records  of  time, 
speed,  and  distance  which  can  be  made 
at  any  instant  furnish  the  data  nrces- 
sary  for  studes  of  the  flow  of  traffic  as 
affected  by  obstructions,  congestion,  or 
other  variables.  It  has  been  used  suc- 
cessfully  in   the   cooperative   highway 
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planning  survey  in  tlie  Cleveland  met- 
ropolitan region. 

STUDIES     OF     HIGHWAY     PRODUCTION 
ECONOMICS 

In  this  field  the  work  of  the  past 
year  which  is  worthy  of  special  men- 
tion has  dealt  with  three  problems,  as 
follows:  (1)  The  possibility  of  reduc- 
ing the  cost  of  pavement  concrete, 
without  detriment  to  its  strength  and 
uniformity,  by  reducing  the  length  of 
the  mixing  period;  (2)  the  possibility 
of  reducing  costs  and  improving  the 
surface  smoothness  of  asphaltic  pave- 
ments by  the  use  of  mechanical  finish- 
ing methods;  and  (3)  the  economies 
possible  in  the  use  of  power  shovels 
in  highway  grading. 

CONCKETE    MIXING    TIME    STUDIES 

To  reduce  costs,  waste  must  be  elimi- 
nated wherever  possible,  and  ways  and 
means  must  be  sought  to  utilize  equip- 
ment to  its  most  economic  capacity  to 
develop  the  rate  of  production  to  its 
economic  optimum  without  imparing 
the  quality  of  the  finished  product. 
Since  most  road-constructio-n  work  in- 
volves one  or  more  operations  which 
are  repeated  over  and  over  again  many 
times  each  hour,  one  of  the  most  im- 
portant factors  in  determining  the  cost 
of  performing  such  work  is  the  length 
of  time  required  for  each  of  these  re- 
petitive operations.  This  is  especially 
true  in  those  lines  of  work  m  which 
the  type  of  the  equipment  and  construc- 
tion methods  so  fix  the  daily  cost  of 
operation  that  it  is  very  largely  inde- 
P'^-ndent  of  the  rate  of  production. 
Concre'^e  road  construction  is  a  good 
example  of  this  class  of  work.  The 
daily  cost  of  operation  for  any  par- 
ticular modern  outfit  varies  but  little 
whether  the  rate  of  production  is  high 
or  low.  Furthermore,  the  maximum 
possible  rate  of  production  is  definitely 
fixed  by  the  time  required  to  put  the 
batch  through  the  mixer.  Thus,  if 
1%  minutes  are  required  to  put  a  batch 
through  the  mixer,  then  40  batches  per 
hour  is  the  maximum  possible  rate  of 
production,  no  matter  how  perfectly 
all  subsidiary  operations  are  synchro- 
nized. But  if  the  time  required  for 
putting  a  batch  through  the  mixer  can 
be  reduced  to  one  minute  then  the 
possible  rate  of  production  rises  to  60 
batclies  per  hour,  or  an  increase  of  50 
per  cent. 

Since  the  time  required  to  put  a 
batch  through  the  mixer  is  determined 
so  largely  by  the  length   of  time  the 


materials  must  be  held  in  the  drum 
for  mixing,  the  question  at  once  arises 
as  to  how  long  a  mixing  time  is  really 
necessary  with  our  modern  pavers  in 
order  to  produce  a  satisfactory  con- 
crete. As  little  or  no  definite  data 
were  available  to  answer  this  very  im- 
portant economic  question,  the  study 
was  made  sufficiently  extensive  to 
cover  the  normal  range  of  actual  fi^ld 
conditions  as  to  equipment,  materials, 
and  any  regional  variations  in  meth- 
ods or  practices.  These  studies  ex- 
tended over  a  period  of  more  thm 
two  years,  covered  24  jobs  in  seven 
States,  and  involved  the  making  and 
testing  of  more  than  2,000  cylinders, 
as  well  as  many  beanif,  and  cores. 

The  result  of  these  sturlies,  which 
has  just  been  published,  shows  con- 
clusively that  with  our  modern  pavers 
the  customary  mixing  time  can  stfely 
be  reiuced  to  one  minute  without  det- 
riment to  the  strength  of  the  finished 
roadway. 

STUDIES  OF  MECHANICAL  FINISHING 
METHODS  FOR  BITUMINOUS  PAVE- 
MENTS 

In  the  construction  of  bituminous 
pavements  one  of  the  time  and  labor 
consuming  operations  is  that  of  so 
spreading  the  hot  material  as  to  secure 
a  smooth  and  uniform'y  compacted 
road  surf  nee.  While  the  bureau's  stud- 
ies of  mechanical  methods  for  per- 
forming this  operation  are  as  yet  far 
from  complete,  they  have  progressed 
sufficiently  to  show  that  the  ordinary 
mechanical  finishing  machine  so  gen- 
erally used  in  concrete  road  construc- 
tion work  can  readily  be  equ'^lly 
adapted  to  bituminous  road  construc- 
tion. In  a  number  of  cases  so  far 
studied,  not  only  has  the  u«e  of  thei 
mechanical  finisher  produced  a 
smoother  riding  surface,  but  it  has 
also  i>ermitted  the  handling  of  more 
materiil  at  a  lower  labor  cost.  Thus, 
on  a  job  in  Hughes  County,  Okla.,  the 
spreading  and  raking  when  performed 
by  hand  methods  placed  a  definite 
limit  to  the  amount  of  rock  asphalt 
surfacing  which  coulfl  be  placed  per 
hour.  After  the  installation  of  a  me- 
chnnical  finishing  machine  the  average 
rate  of  surfacing  place-l  per  hour  of 
opei'ation  was  increased  from  218 
square  yards  to  334,  which  was  the 
limiting  output  of  the  heating  plant. 
Other  items  of  interest  noted  on  this 
project  were  that  with  hand  raking 
the  labor  cost  of  the  entire  road  crew 
was  $12.50  per  hour,  but  nfter  the 
finisher  was  installed  the  hibor  cost 
was    reduced    to    $8.05   per    hour,    al- 
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though  more  than  50  per  cent  more 
material  was  being  placed,  and  that 
with  the  mechanical  finisher  the  ma- 
terial w.is  being  spread  as  readily 
when  it  reached  the  road  at  a  tempera- 
ture of  300°  to  325°  F.  as  was  possible 
by  hand  methods  when  the  tempera- 
ture of  the  material  was  375°.  While 
the  above  job  probably  presented  un- 
usually favorable  conditions  for  the 
use  of  the  mechanical  finisher,  all  the 
bureau's  stuflies  to  date  indicate  that, 
even  under  the  most  unfavorable  con- 
ditions, a  proper  use  of  the  mechani- 
cal finisher  will  produce  a  smoother 
and  more  uniform  riding  surface  and 
also  handle  a  larger  yardage  of  ma- 
terial than  can  ordinarily  be  done  by 
present  methods  of  hand  raking. 

EinciENCY  IN  POWER-SHOVEL  OPEEATIONS 

The  more  important  factors  which 
affect  the  rate  of  production  and  unit 
costs  in  highway  grading  work  with 
the  power  shovel  have  been  described 
during  the  past  year  in  the  bureau's 
magazine.  Public  Roads.  These  studies 
are  the  result  of  four  years  of  exten- 
sive field  work  and  the  analysis  of 
more  than  a  hundred  grading  projects. 

The  c<:st  of  grading  is  perhaps  the 
largest  single  item  in  the  highway  bill 
of  the  country  and  a  great  deal  of  this 
grading  is  done  with  the  power  shovel. 
For  this  reason  alone  the  question  of 
whether  or  not  the  eflBciency  with 
which  these  important  tools  are  oper- 
ated and  whether  or  not  their  present 
rates  of  operating  eflSciency  can  be  in- 
creased is  of  great  economic  im- 
portarice. 

These  studies  have  brought  out  very 
clearly  how  the  operation  of  the  power 
shovel  involves  not  only  a  large  num- 
ber of  repetitive  oiperations  but  also 
several  independent  operations,  all  of 
which  must  be  properlv  synchronized. 
First,  the  dipper  must  be  loaded, 
swung,  and  spotted  over  the  hauling 
unit,  the  load  dumped,  and  the  dipper 
returned  for  another  load.  From  time 
to  time  the  shovel  must  be  moved  for- 
ward or  maneuvered  so  as  to  keep  it 
within  digging  i*each  of  the  material 
in  which  it  is  working.  But,  except 
when  casting  is  possible,  a  shovel  can 
dig  only  when  and  as  hauling  units 
are  in  place  to  receive  the  excavated 
material.  Every  interruption  in  the 
steady  supply  of  hauling  units  in 
proper  place  at  the  shovel  is  therefore 
inevitably  registered  as  a  reduction  in 
production.  Furthermore,  the  hauling 
equipment  can  handle  material  no 
faster  than  it  can  be  received  at  the 
dump.     Consequently,  all  these  opera- 


tions! must  not  only  be  performed  at 
the  proper  rate  of  speed  but  must  also 
be  properly  synchronized  in  order  to 
attain  any  reasonable  degree  of  eflS- 
ciency,  because  as  these  operations  are 
repeated  over  and  over  again  through- 
out the  day,  a  few  seconds  or  even 
fractions  of  seconds  regularly  lost  in 
any  part  of  these  operations  inevitably 
results  in  a  loss  in  productivity  which 
soon  amounts  to  large  proportions. 

In  practically  all  highway  grading 
work  with  the  power  shovel  the  length 
of  haul  is  not  constant,  but  fluctuates, 
often  with  great  rapidity  and  between 
very  wide  limits.  Since  actual  job 
conditions  usually  make  it  impossible 
for  the  contractor  to  vary  the  number 
of  his  hau  ing  units  in  accordaiu  e  with 
the  fluctuations  in  the  length  of  the 
haul,  one  of  the  most  difficult  qu'stions 
facing  the  highway  grading  c^^ntractor 
who  operates  a  power  shovel  is,  "  What 
kind  and  how  many  hau'.ing  units 
should  be  placed  on  a  particular  job  in 
order  to  complete  the  work  at  the  low- 
est possible  cost?"  These  studies  have 
developed  a  practical  methol,  which  is 
given  in  considerable  detail,  ly  means 
of  which  the  number  of  hauling  units 
of  any  given  kind  which  sh(  uld  be 
placed  on  a  given  job  can  be  deter- 
mined with  reasonable  accuracy. 

IRRIGATION  INVESTIGATIONS 
DUTY  OF  WATER  STUDIES 

During  the  year  there  has  been  pub- 
lished the  second  of  a  series  of  bu  le- 
tins  on  irrigation  requirements  of  arid 
and  semiarid  lands.  It  covers  the  Mis- 
souri and  Arkansas  River  Basins.  A 
manuscript  for  the  third  bulletin  of 
the  series,  dealing  with  the  Southwest, 
has  been  prepared,  and  data  now  are 
being  compiled  for  the  fourth  of  the 
series,  on  the  Northwest. 

Because  the  natural  water  supply  of 
southern  California  is  exceedingly  lim- 
ited and  the  demands  for  water  are 
great  and  constantly  increasing,  the 
economic  use  of  water  in  that  locality 
is  being  studied  intensively.  In  co- 
operation with  the  State  department  of 
public  works,  experiments  are  being 
carried  on  in  different  sections  of  that 
part  of  the  State  to  determine  the  least 
amount  of  water  that  may  be  applied 
in  irrigation  for  economic  crop  proiiuc- 
tion.  A  report  on  the  San  Diego  area 
is  now  being  prepared.  Similar  stud- 
ies are  being  made  in  Orange,  River- 
side, and  San  Bernardino  Counties.  A 
special  cooperative  investigation  has 
been  started  to  determine  the  peuetra- 
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tion  and  storage  of  rain  falling  upon 
the  valley  floor  of  the  Santa  Ana  River 
area  in  Orange,  Riverside,  and  San 
Bernardino  Counties.  In  cooperation 
with  the  city  of  Los  Angeles,  studies 
have  been  made  in  San  Fernando  Val- 
ley, where  approximately  60,000  acres 
are  irrigated  from  the  Los  Angeles 
aqueduct.  Cloudbursts  have  several 
times  disabled  the  main  aqueduct  and 
forced  restriction  of  the  use  of  irriga- 
tion water,  and  at  such  periods  the 
problem  of  allotting  water  fairly  for 
each  kind  of  crop  and  deciding  their 
priority  is  a  perplexing  one.  The  in- 
vestigation is  for  the  purpose  of  deter- 
mining the  amount  of  water  required 
for  profitable  crop  production,  and  a 
more  eflident  use ;  the  field  work  con- 
sists of  (1)  general  duty  of  water 
studies,  based  on  the  measured  amount 
of  water  applied  to  each  farm  in  the 
val.ey,  and  (2)  consumptive-use  stud- 
ies, based  on  soil-moisture  investiga- 
tions. 

LOSS  OF  WATER  BY  EVAPORATION 

During  the  season  of  1927-28,  the 
study  of  the  evaporation  from  tanks 
of  different  types  and  sizes  was  con- 
tinued. Three  standard  types  were 
used,  and  for  comparison  observations 
were  made  on  a  copper-lined  concrete 
reservoir  84.8  feet  in  diameter  All 
the  tanks  were  exposed  under  the  same 
meteorological  conditions.  The  results 
show  that  the  small  tanks  all  lose 
water  at  a  higher  rate  than  the  large 
reservoir. 

Observations  were  made  to  determine 
the  effect  of  altitude  on  evaporation 
from  a  free  water  surface,  and  some 
special  tests  were  carried  on  to  find 
the  effect  of  temperature  on  the  equp- 
ment  used  in  the  evaporation  experi- 
ments under  controlled  conditions  in 
the  laboratory.  The  latter  exi)eri- 
ments  show  that  although  temperature 
does  affect  the  results,  the  magnitude 
of  the  effect  is  not  as  great  as  pre- 
viously thought  and  that  the  effect  may 
be  eliminated  by  measuring  the  evap- 
oration between  points  of  equal  temp 
erature. 

Observations  were  also  made  on  the 
evaporation  from  a  heated  water  sur- 
face under  outside  conditions  in  the 
winter,  and  an  attempt  was  made  to 
measure  the  evaporation  from  ice. 
During  the  experiments  on  evapora- 
tion from  a  heated  water  surface,  al- 
though the  air  temperature  dropped 
below  freezing  on  several  occasi<ms, 
the  evaporation  remained  about  equal 
to  the  summer  rate.  The  experiments 
on  the  evaporation  from  ice  were  not 


successful  because  the  water  melting 
from  the  ice  during  warm  periods 
spilled  from  the  evaporation  pan,  but 
some  tests  made  in  the  laboratory 
without  wind  show  that  there  is  an 
appreciable  evaporation  from  ice. 

Data  have  been  obtained  relative  to 
evaporation  from  moist  soils,  using 
ham,  heavy  adobe,  and  fine  river  sand 
containing  some  silt.  When  the  depths 
of  water  table  were  1,  6,  and  12  inches, 
evaporation  from  the  sand  was  about 
equal  to  that  from  a  free  water  sur- 
face ;  the  loam  showed  a  decrease  at 
the  greatest  depth,  and  the  adobe  at 
both  lower  depths. 

PUMPING  FOR  IRRIGATION 

A  manuscript  on  pumping  for  irri- 
gation has  been  completed  which  dis- 
cusses the  methods  and  practices  fol- 
lowed in  certain  representative  dis- 
tricts in  the  western  United  States,  the 
economic  problems  which  limit  the 
profitable  utilization  of  the  pump  in 
irrigation  practice,  a  procedure  for  de- 
termining whether  a  pumping  venture 
may  succeed,  types  of  standard  equip- 
ment and  their  uses,  a  study  of  plant 
elficiency,  and  power  and  power  prob- 
lems 

IRRIGATION   NEEDS  AND  POSSIBILITIES   OF  THE 
GREAT  PLAINS 

The  studies  of  this  subject  lead  to 
the  beLef  that  the  most  important  in- 
dustry of  the  region  will  always  be  the 
production  of  animal  products,  and 
that  this  industry  can  best  be  prac- 
ticed by  a  combination  of  the  usual 
types  of  plains  farming  supplemented 
by  irrigation  for  growing  special  crops 
that  are  found  peculiarly  suited  to 
certain  localities,  such  as  celery  near 
Kearney,  Nebr. ;  cantaloupes  near 
Rocky  Ford,  Colo. ;  and  spinach  near 
Austin,  Tex.  Intensive  farming  re- 
sults in  the  development  of  towns  and 
communities  that  afford  marketing 
centers,  and  educational  and  entertain- 
ment facilities  not  available  in  more 
sparsely  settled  areas. 

DESIGN,  INVENTION,  AND  TESTING  OF  APPARATUS 

The  improved  Venturi  flume,  devel- 
oped by  the  d' vision  of  agricultural 
engineering  for  measuring  flow  in 
open  ditches  with  a  minimum  loss  of 
head,  now  is  widely  used  in  the  west- 
ern irrigated  States  and  to  some  ex- 
tent in  foreign  lands.  In  cooperation 
with  several  irrigation  companies,  a 
20-foot  flume  of  this  type  was  built 
and  tested  in  the  Arkansas  Valley, 
with  very  saitsfactory  results,  the  ca- 
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pacity  exceeding  1,000  second-feet. 
Plans  for  a  structure  with  35-foot 
throat  and  a  capacity  of  1,800  second- 
feet  are  now  in  preparation. 

CONTROL  OF  GRAVEL  AND   SILT   IN   IRRIGATION 
CHANNELS  AND  RESERVOIRS 

In  cooperation  with  the  Utah  Agri- 
cultural Experiment  Station,  stud  es  of 
stream  act  on  above  and  below  gravel 
and  flood  barriers  were  continued  at 
nine  locations.  One  additional  stream, 
Summit  Creek  at  Santaquin,  has  been 
placed  under  control.  The  newly  com- 
pleted barrier  has  eliminated  the  trou- 
ble completely,  permitting  a  complete 
utilization  of  the  water.  A  series  of 
checks  and  equalizers  has  been  bu  It 
at  Garfield  in  Salt  Lake  County,  Utah, 
above  the  plant  of  the  American  Smelt- 
ing &  Refining  Co..  which  sustained  a 
loss  on  June  10,  1927,  of  over  $150,000 
through  a  heavy  summer  flood  which 
carried  bowlders  weighing  tons 
through  the  plant  and  left  a  path  of 
destruction  in  its  wake.  These  con- 
trol works  cost  a  little  under  $175,000. 
Five  smaller  floods  occurred  during 
the  course  of  construction  wh  ch  added 
considerably  to  the  store  of  informa- 
tion already  available,  and  tested  sec- 
tions of  the  work  already  completed  or 
under  way.  Another  barrier  is  in 
process  of  completion  at  Mount  Pleas- 
ant, Utah,  which  will  be  finished  dur- 
ing 1928.  The  latter  structure  offers 
protecti<5n  to  the  town  and  adjacent 
farm  lands,  and  if  successful,  w.ll  save 
the  irrigation  headworks  from  washing 
out  each  year  in  midseason. 

The  study  of  silt  control  on  the  Colo- 
rado River  was  completed  in  1926,  and 
a  bulletin  entitled  "  Silt  in  the  Colo- 
rado River  and  Its  Relation  to  Irriga- 
tion "  was  issued  in  1928.  A  similar 
study  of  streams  in  Texas,  in  coopera- 
tion with  the  State  board  of  water  en- 
gineers, is  being  continued. 

ROW  OF  WATER  IN  DITCHES,  PIPES,  AND  OTHER 
CONDUITS 

A  manuscript  on  the  flow  of  water 
in  metal  pipes  is  nearly  completed,  and 
will  be  submitted  before  the  close  of 
the  present  fiscal  year.  Studies  are 
also  being  carried  on  concerning  flow 
of  water  in  flumes. 

CUSTOMS,    REGULATIONS,    AND    UWS    RELATING 
TO  IRRIGATION 

A  bulletin  has  been  issued  during  the 
fiscal  year,  dealing  with  methods 
adopted  by  irrigation  organizations  for 
the  delivery  of  water  and  canal  man- 
agement, and  ;i  report  upon  financial 


settlements  of  defaulting  irrigation 
enterprises  has  been  prepared.  In  co- 
operation with  State  institutions,  irri- 
gation districts  that  were  confronted 
with  unusual  financial  problems  have 
been  studied  and  reports  were  made  on 
the  Warm  Springs,  Ochoco  and  Grants 
Pass  projects  in  Oregon,  and  tlie  San 
Pedro  irrigation  district  in  Arizona. 

RECLAMATION   OF  ALKALI   UND 

One  of  the  foremost  problems  en- 
countered in  irrigated  agriculture  is 
the  reclamation  of  alkali  lands.  Owing 
principally  to  neglect  in  promptly 
draining  water-logged  lands,  harmful 
salts  have  accumulated  in  the  surface 
soils  of  large  land  areas,  which  render 
them  useless  for  agriculture  until  the 
salts  are  removed.  Though  much  land 
of  this  character  has  been  reclaimed, 
failure  to  do  so  is  common  under  the 
condition  known  as  "  black  alkali." 
Under  cooperative  agreement  with  the 
agricultural  experiment  station  of 
Idaho  an  exhaustive  study  of  the  prob- 
lem has  been  carried  on  since  1926 
on  a  50-acre  tract  of  extremely  adverse 
alkali  land.  The  conditi(-n  of  black 
alkali  soil  which  is  responsible  for  the 
slowness  in  responding  to  reclamation, 
has  been  traced  to  the  mechanical 
rather  than  the  chemical  condition  of 
the  soil.  The  application  of  chemicals 
to  make  the  salts  more  readily  soluble, 
and  efforts  to  make  the  soil  more 
permeable  by  blasting,  subsoiling,  and 
alternately  wetting  and  drying  it,  have 
so  far  tailed  to  improve  the  condition. 
Perhaps  economical  reclamation  of 
this  land  will  depend  upon  the  produc- 
tion of  crops  that  will  compensate  the 
landowner  for  his  efforts,  whi'e  their 
root  act'on  and  chemical  action  and 
the  leaching  effect  of  irrigation  water 
bring  about  permanent  reclamation. 
Progress  has  been  made  along  this 
line,  but  the  results  need  verification. 

DRAINAGE  RUN-OFF  FROM  IRRIGATED  UNDS 

Data  have  been  collected  from 
nearly  100  drainage  projects,  having 
an  aggregate  area  of  about  1,000,000 
acres  with  2,500  miles  of  drains,  in 
13  Western  States,  showing  the  maxi- 
mum discharge  per  unit  of  area 
drained,  the  maximum  discharge  per 
unit  of  length  of  drain,  the  total  an- 
nual discharge  by  months,  the  rela- 
tion of  discharge  to  irrigation  water 
applied,  and  as  far  as  possible  the 
factors  which  influence  the  rate  of 
discharge.  This  information  will  be 
of  value  and  assistance  to  drainage- 
designing  engineers  and  to  irrigation 
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projects  which  propose  to  develop  part 
of  their  supply  from  drainage  works. 

IRRIGATION  IN  HUMID  REGIONS 

Overhead  ii-i-igatiou  for  market- 
garden  crops  has  proven  profitable  in 
many  localities  in  the  Northeastern 
States,  but  this  method  is  too  expen- 
sive for  general  farm  crops  in  that 
region.  A  study  of  the  practicability 
of  surface  iiTigation  has  been  started 
in  cooperation  with  the  training 
school  at  Vineland,  N.  J.  Measure- 
ments of  maximum  and  minimum  flow 
in  the  creek  have  bernmrule.  and  con- 
striictioh  of  the  dam  has*  been  begun 
by  the  training  school.  Observations 
will  be  made  of  the  frequency  and 
amounts  of  irrigation,  and  of  the  effect 
upon  crop  production,  comparing  the 
results  with  crops  growing  on  unirri- 
gated  land. 

DRAINAGE  INVESTIGATIONS 
STUDIES  OF  RUN-OFF  AND  DITCH  CAPACITIES 

Determination  of  the  rates  at  which 
water  collects  in  the  drainage  courses 
during  or  following  storm  periods  and 
the  sizes  of  channels  necessary  to  re- 
move the  water  are  fundamental  in 
designing  systems  of  land-drainage 
improvements.  Therefore  data  have 
been  collected  for  many  years  to  show 
the  quantities  of  water  flowing  from 
a  considerable  number  of  drainage 
areas,  and  a  great  many  experiments 
have  been  made  on  the  carrying  ca- 
pacities of  drainage  ditches  and  nat- 
ural water  courses.  The  drainage 
areas  vary  greatly  in  size,  shape,  to- 
pography, soil,  and  surface  covering. 
Such  studies  have  been  made  in  Mis- 
sissippi, Arkansas,  Missouri,  Iowa,  and 
Illinois,  and  in  the  past  year  have 
been  begun  in  northern  Indiana.  Con- 
tinuous records  have  been  kept  of  the 
flow  from  each  area  and  of  the  rain- 
fall over  the  area,  and  careful  de- 
scriptions have  been  prepared  of  the 
"various  physical  features  of  the  areas. 

In  selected  courses  of  the  ditches 
and  natural  channels  there  were  made, 
besides  the  gaugings  of  discharge, 
measurements  of  the  slope  of  the  water 
surface  and  of  the  size,  shape,  and 
uniformity  of  the  stream.  From  these 
data,  values  of  the  empirical  coetR- 
cients  in  the  Chezy  and  Kutter  formu- 
las have  been  computed.  The  experi- 
ments include  large  and  small  ditches 
and  natural  channels,  and  determina- 
tions of  flow  through  standing  timber 
and  through  sections  from  which  the 
timber  had  been  cleared  in  the  flood- 


ways  in  Cai>e  Girardeau  County,  Mo., 
and  Poinsett  County,  Ark.  These  data 
and  values,  with  illustrated  descrii>- 
tions  of  the  channels,  have  been  pre- 
pared for  publication  as  a  bulletin 
on  the  flow  of  the  water  in  drainage 
channels. 

GROUND-WATER  STUDIES 

One  of  the  perplexing  conditions  in 
studying  the  drainage  of  farm  lands  is 
the  uncertainty  in  applying  the  results 
of  investigations  in  one  type  of  soil 
to  the  control  of  ground  water  in  an- 
other type.  In  too  many  instances, 
methods  of  drainage  found  effective  in 
one  U;cality  have  not  been  satisfac- 
tory when  used  in  other  localities,  for 
soils  that  seemingly  were  similar.  The 
division  of  agricultural  engineering, 
therefore,  has  undertaken  studies  to 
develop,  if  possible,  a  method  of  deter- 
mining from  fairly  simple  physical 
tes'^s  how  readily  any  particular  soil 
will  respond  to  underdrainagc',  and  a 
method  of  indexing  soils  according  to 
their  drainage  characteristics.  A  great 
number  of  soil  samples  have  been  col- 
lected for  analysis  from  fields  where 
ground-water  studies  have  been  made 
and  the  drainage  requirements  are 
known. 

SOIL  EROSION  INVESTIGATIONS 

In  cooperation  with  the  agricultural 
experiment  station  at  Raleigh,  N.  C, 
the  experiments  to  determine  the  rates 
at  which  soil  is  washed  from  culti- 
vated hillsides  by  surface  water  have 
been  continued.  Experimental  plots 
on  one  of  the  typical  soil  types  have 
been  so  arranged  that  the  amounts  of 
water  flowing  from  each  plot  and  the 
amounts  of  soil  washed  off  are  meas- 
ured. The  plots  are  cultivated  to  dif- 
ferent crops,  in  order  that  not  only 
may  the  rate  of  erosion  be  related  to 
the  rainfall  and  the  run-off,  but  also 
the  effect  of  different  cultural  methods 
retarding  or  increasing  ei'osion  may  be 
studied. 

DRAINAGE  MATERIALS 

Studies  relative  to  the  quality  of 
clay  draintile  for  sale  in  Minnesota 
are  being  made  in  cooperation  with 
the  University  of  Minnesota,  and  the 
Minnesota  department  of  drainage  and 
waters.  Samples  of  tile  from  all  the 
operating  clay-tile  factories  in  Minne- 
sota, and  from  a  few  in  Iowa,  were 
tested  for  strength,  for  absorption,  and 
for  resistance  to  freezing  and  thawing, 
according  to  the  standards  for  drain- 
tile  adopted  by  the  American  Society 
for  Testing  Materials.    The  correlation 
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of  the  results  of  these  experiments 
makes  it  possihle  to  determine  the  re- 
sistance to  freezing  and  thawing  of 
any  shipment  from  any  of  the  factories 
within  (hree  days,  from  tests  of 
s'^rength  and  absorption  only,  whereas 
thL^  freezing  and  thawing  test  requires 
six  weeks  or  more. 

In  connection  with  the  studies  on 
concrete  draii  tile,  also  in  cooperation 
with  the  same  Minnesota  agencies, 
te'^ts  have  been  made  on  different 
brand-?  of  Portland  cement  to  deter- 
mine their  resistance  to  the  action  of 
water  containing  sodium  sulphate 
The  results  of  the  tests  indicate  that 
more-resistant  cements  will  withstand 
the  actio  1  of  the  salt  for  three  to  five 
times  the  life  of  the  less-resistant 
kinds.  It  appears  that  in  waters  hav- 
ing small  amounts  of  sulphates  the  re- 
sistant cements  piobab  y  will  be  dur- 
able, while  the  others  may  fail  in  a 
few  yeiirs.  Studies  have  been  under- 
taken to  develop  an  accelerated  test  for 
determining  the  resistance  of  Portland 
cement  to  action  of  sulphate  waters. 

The  testing  of  concrete  a"d  mortar 
specimens  in  peat  soils  is  being  con- 
tinued. Action  of  soil  chemicals  on 
some  of  the  specimens  has  been  noted, 
but  the  tests  have  not  advanced  far 
enough  to  warrant  drawing  con- 
clusions. 

OPERATION  AND  MAINTFNANCE  OF  PUMPING 
PUNTS 

Where  dniinage  requires  that  the 
water  be  discharged  from  the  area  by 
punipi  g,  the  improvement  is  much 
more  than  ordinarily  expensive.  Ahmg 
the  Illinois  River  and  along  the  Mis- 
sissippi between  St.  Louis  and  Savanna. 
111.,  are  more  than  60  drainage  dis- 
tricts which  have  about  $2,800,000  in- 
vested in  pumping  plants.  The  annual 
cost  of  operating  these  plants,  includ- 
ing fixed  charges,  is  approximately 
$650,000.  Some  of  the  plants  are  op- 
erated by  electric  motors,  the  oldest 
one-!  by  steam  power,  and  many  of  the 
newest  installations  by  internal-com- 
bustion engines  of  the  Diesel  and  semi- 
Diesel  types.  Because  the  pumps  are 
not  used  continuously,  but  only  when 
the  river  outside  the  district  is  high, 
most  of  these  districts  have  considered 
it  u  economical  to  employ  high'y 
skil  ed  engineers  to  operate  the  equip- 
ment. 

Studies  have  been  carried  on  for 
some  years,  looking  to  a  determination 
of  the  conditions  under  which  each 
kind  of  power  is  most  economical,  and 
of  changes  in  equipment  and  methods 
of  operation  by  which  the  cost  of  pump- 


ing may  be  reduced  to  a  minimum. 
Records  of  water  pumped,  of  the  fre- 
quency and  duration  of  the  periods  of 
operation,  and  of  the  costs  of  opera- 
tion were  kept  on  14  of  the  pumping 
plants.  Owing  to  the  variations  in  op- 
erating conditi(ms,  from  year  to  year 
as  well  as  between  different  plants, 
conclusions  as  to  the  limiting  condi- 
tions for  economical  use  of  different 
kinds  of  power  have  not  yet  been 
reached.  Recommendations  made  rela- 
five  to  oi)eration,  however,  usually  by- 
changing  the  speed  of  the  pumps  have 
reduced  the  power  consumption  in 
eight  plants  by  10  to  33  per  cent.  A 
Second  Progress  Report  on  the  Cost  of 
Pumping  for  Drainage  in  the  Upper 
Mississippi  Valley  During  1925  and  a 
circular.  Reduce  Cost  of  Drainage 
Pumping  by  Regulating  Speeds  of 
Pumps,  have  been  prepared  for  dis- 
tribution to  drainage  engineers,  drain- 
age-district officials,  and  others  inter- 
ested in  the  subject. 

FLOW   OF   WATER   AROUND   BENDS   AND   BRIDGE 
PIERS 

Experiments  supplementary  to  the 
earlier  investigation  of  the  effect  of 
beiids  in  the  channel  wpon  loss  of  head 
in  open  channels  have  been  made  dur- 
ing the  year  at  the  University  of  Iowa 
laboratory.  Data  have  been  collected 
also  upon  the  effect  of  variations  in 
direction  and  of  rapid  changes  in  si)eed 
of  flow  upon  the  registration  of  current 
meters. 

A  study  of  the  obstruction  to  flow 
caused  by  bridge  piers  has  been  under- 
taken at  the  hydraulic  laboratory  of 
the  University  of  Iowa.  Some  360  ex- 
periments have  been  made  on  pier 
models  with  various  shapes  of  noses 
and  tails.  Measured  losses  of  head  for 
various  quantities  of  flow  have  been 
substituted  in  well-known  pier  formu- 
las, and  computations  have  been  made 
of  the  empirical  coefllcients.  The  re- 
sults indicate  that  the  formulas  are  not 
entirely  satisfactory,  because  the  co- 
efficient for  each  shape  of  pier  is  not 
constant  for  varying  velocities  of  flow. 
The  study  of  the  .increase  in  velocity 
of  flow  adjacent  to  the  pier  emphasizes 
the  need  for  protection  against  scour 
and  undermining. 

ORGANIZATION  AND  DEVELOPMENT  OF  DRAINAGE 
DISTRICTS 

The  development  of  drainage  dis- 
tricts to  reclaim  large  tracts  of  swamp 
and  overflowed  land  in  the  South  has 
been  disappointingly  slow  on  the  whole. 
Consequently  a  large  amount  of  money 


BUREAU  OP   PUBLIC   ROADS 


49 


has  been  lost  by  the  promoters,  by  buy- 
ers of  the  land,  and  by  purchasers  of 
the  bonds  issued  by  such  enterprises. 
A  report  upon  the  agricultural  and 
financial  status  of  reclamation  drain- 
age districts  in  the  Southern  States 
has  bei^n  prepared  from  the  results  of 
an  investigation  made  in  cooperation 
with  the  Bureau  of  Agricultural  Eco- 
nomics. 

CORN  BORER  CONTROL 

The  division  of  agricultural  engi- 
neering has  had  charge  of  the  mechani- 
cal equipment  used  by  the  Government 
in  combating  the  Eun  pean  corn  borer, 
and  has  made  intensive  studies  of  the 
design  and  use  of  such  equipment  for 
the  work.  In  collaboration  with  ento- 
mologists of  the  department,  tests  have 
been  made  in  badly  infested  fields  of 
the  eflSciency  of  silage  harvesters  and 
stubble  pulverizers  in  killing  the  borers, 
and  of  tlie  performance  of  low-cutting 
corn  binders.  In  cooperation  with 
manufacturers  of  the  machines,  certain 
improvements  made  or  suggested  have 
been  embodied  in  later  models  and 
have  increased  the  efCeetiveness  of  the 
machines. 

Studies  have  been  made  in  coopera- 
tion with  the  entomologists  to  deter- 
mine the  temperature  and  period  of  ex- 
posure necessary  to  destroy  the  borers 
in  the  stalks,  and  the  conditions  influ- 
encing the  effectiveness  of  burning. 
Various  types  of  burners  have  bi'cn 
tested,  and  experiments  have  been 
made  with  burner  carriages  and  with 
hoods  for  confining  the  flame  in  high 
winds.  Simultaneously,  pump-perform- 
ance tests  were  made,  and  tests  of 
friction  losses  in  high-pressure  hose  of 
different  diameters,  length,  discharge 
rates,  and  pump  piessures.  the  fluid 
being  the  fuel  oils  used  in  the  burners. 
Soil  conditions  in  the  spring  prevent 
the  use  of  very  heavy  machinery,  thus 
increasing  the  difliculty  of  devising  a 
practical  burner. 

A  thorough  study  has  been  made  of 
plows  and  p  owing  attachments  for  iise 
in  fighting  the  corn  borer  and  of  treat- 
ment of  the  fields  before  and  after 
plowing  to  secure  best  results.  Plows 
with  wide  bottoms  were  found  most 
effective  in  covering  the  stalks,  partly 
because  of  greater  clearance  and  more 
room  to  adjust  large  coulters  and 
jointers.  Single-bottom  plows  gave 
somewhat  betver  results  than  those 
with  two  or  three  bottoms.  Disking 
or  chopping  standing  stalks  was  found, 
in  most  cases,  to  be  detrimental  rather 
than  helpful  for  clean  plowing. 


FARM  STRUCTURES 

Grawers  of  sweet  potatoes  in  tide- 
water Virginia  and  neighboring  States 
ordinarily  suffer  considerable  losses 
while  the  crops  are  in  storage.  Field 
studies  were  made,  in  cooperation  with 
the  Virginia  Polytechnic  Institute  and 
the  Virginia  Truck  Experiment  Station 
at  Norfolk,  to  determine  the  proper 
method  of  handling  sweet-potato  stor- 
age houses  in  order  to  hold  the  potatoes 
in  good  condition  for  marketing.  The 
report  of  this  investigation  has  been 
completed. 

From  studies  made  in  Maine,  a  re- 
port on  the  requirements  for.  and  con- 
struction of  potato-storage  houses  has 
been  prepared,  the  information  to  be 
applicable  also  in  other  northern  po- 
tato-growing regions. 

FARM  MECHANICAL  EQUIPMENT 

COTTON-DUSTING  MACHINERY 

The  experiments  and  tests  of  equip- 
ment for  applying  insecticides  to  cot- 
ton plants  are  being  continued  at 
Tallulah,  La.,  in  cooperation  with  the 
Bureau  of  Entomology  as  heretofore. 
Progress  has  been  made  in  selecting 
and  developing  more  efl'ective  machines 
and  devices  for  this  work,  both  horse- 
drawn  equipment  and  for  dusting  the 
fields  from  airplanes.  The  work  was 
interrupted  for  a  time  in  1927,  owing 
to  flooding  of  the  experiment  station 
from  crevasses  in  the  Mississippi 
levees. 

COTTON-HARVESTING  MACHINERY 

One  of  the  most  laborious  and  costly 
operations  in  producing  cotton  has  been 
that  of  harvesting  the  crop.  Many 
times  a  considerable  part  of  the  crop 
has  been  lost  for  lack  of  labor  to  gatlier 
it.  A  great  many  mechanical  devices 
for  doing  this  work  have  been  at- 
tempted by  farm-n)achinery  manufac- 
turers, most  of  which  have  not  been 
perfected  to  a  practicable  degree. 
During  1927,  a  study  of  equipment  and 
methods,  other  than  hand  methods,  be- 
ing used  or  tried  in  northwestern 
Texas,  was  made  by  the  division  of 
agricultural  engineering  in  cooperation 
with  the  State  agricultural  experiment 
station.  Various  kinds  of  strippers 
were  examined,  from  simple  homemade 
sleds  to  rather  elaborate  machines  de- 
veloped by  large  manufacturers,  and 
the  results  obtained  with  the  equip- 
ment under  different  conditions  were 
noted  and  compared.  The  strippers 
gather  the  bolls  and  more  or  less  trash 
with  the  seed  cotton,  which  add  to  the 
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cost  of  ginning  if  not  removed  before 
being  taken  to  the  gin.  Machinery  for 
exti'acting  the  bolls  and  cleaning  the 
cotton  on  the  farm  was  studied. 

Where  the  cotton  plants  grow  large 
and  the  bolls  ripen  unevenly,  stripping 
is  not  practicable,  and  for  such  con- 
ditions mechanical  pickers  with  re- 
volving spindles  have  been  made. 
The.se  are  operated  by  tractors,  and 
are  expensive.  They  have  not  yet  l)een 
develoi>ed  to  the  point  where  their  use 
is  practicable  under  ail  conditions. 

The  results  of  this  study  have  been 
pi'epared  for  publication  by  the  Texas 
Agricultural  Experiment  Station. 

COTTON-DRYING  EQUIPMENT 

Seed  cotton  as  harvested  many  times 
is  sufficiently  damp  to  cause  injury  to 
the  lint  in  ginning  and  to  impair  the 
planting  and  milling  qualities  of  the 
seed.  Present  practice  in  cotton  pro- 
duction is  to  have  the  crop  ginned  as 
rapidly  as  it  is  harvested  without  dry- 
ing. For  investigating  the  practicabil- 
ity of  artificial  drying,  studies  were 
made  to  determine  the  ordinary  and 
the  desirable  moisture  contents  of  seed 
cotton  brought  to  gins,  which  indicated 
that  21/2  to  5  per  cent  of  the  weight 
of  the  raw  cotton  should  be  removed 
before  ginning. 

Five  different  types  of  small  units 
for  artificial  drying  of  seed  cotton  were 
constrneted  and  tested,  and  a  full-sized 
unit  was  ccmstructed  at  Transylvania, 
La.,  having  a  capacity  of  2  tons  of 
seed  cotton  or  2  bales  of  lint  cotton, 
per  hour.  Removal  of  moisture  was 
secured  by  forcing  heated  air  three 
times  through  a  continuously  moving 
layer  of  the  cotton.  The  results  of 
drying  approximately  60  bales  in  the 
1927  ginning  season  showed  most  of 
the  dried  cotton  to  have  a  value  of 
(••ne-half  to  3  cents  per  pound  over  sim- 
ilar cotton  ginned  without  drying. 
The  cost  of  drying,  under  ordinary  in- 
dustrial conditions  was  indicated  as 
about  $1  or  less  per  bale. 

Three  public  patents  on  the  equip- 
ment and  processes  developed  in  this 
study  have  been  applied  for  through 
the  Depaitment  of  Agriculture. 

FERTILIZER  DISTRIBUTORS 

The  economical  use  of  fertilizers  re- 
quires that  they  be  distributed  uni- 
formly to  the  plants,  and  at  a  prede- 
termined rate.  It  has  been  observed 
that  present  types  of  mechanical  dis- 
tributors, in  general,  give  neither  uni- 
form distribution  nor  constant  rates 
of  delivery.     In   cooperation  with  the 


Bureau  of  Chemi.stry  and  Soils;  in-^ 
vestigation  has  been  made  of  the  prop- 
erties of  the  fertilizers  and  the  char- 
acteristics of  the  distributors  which 
affect  the  results.  Study  was  made  of 
the  effect  of  such  factors  as  the  size  of 
the  particles  of  fertilizer,  the  shape 
of  the  particles,  the  amount  and  kind 
of  conditioners  used,  the  homogeneity 
of  the  material,  and  the  humidity  of 
the  atmosphere,  and  also  of  the  vari- 
ous mechanical  principles  and  devices 
used  for  delivering  the  fertilizer  from 
the  hopper  of  the  machine  to  the  drills, 
of  imperfections  in  the  mechanical 
parts,  of  inaccui-acies  in  adjustments, 
and  of  carelessness  in  operating  the 
machines.  The  results  are  being  pre- 
pared for  publication  for  the  benefit 
cf  manufacturers  both  of  fertilizers 
and  distributors,  and  of  those  who  use 
the  fertilizers  in  growing  crops. 

RESEARCH    IN    MECHANICAL    FARM    EQUIPMENT 

The  survey  of  the  status  of  research 
in  mechanical  farm  equipment  begun 
about  two  years  ago  at  the  request  of 
the  National  Association  of  Farmi 
Equipment  Manufacturers  and  the 
American  Society  of  Agricultural  Eugi- 
neer.s,  was  completed.  The  final  report, 
summarizing  the  present  state  of  re- 
search in  this  field  and  containing 
sugge.>;tions  for  future  procedure  has 
been  submitted  for  publication. 

COMBINED    HARVESTER.THRESHER    STUDIES 

Introduction  of  the  combined  har- 
vester-thresher for  harvesting  wheat  in 
the  Great  Plains  States  is  causing 
marked  changes  in  the  harvesting  meth- 
ods there,  and  increasing  use  of  those 
machines  in  other  States  apparently 
will  cause  like  changes  in  more  eastern 
regions.  During  the  year  there  was 
published  (Technical  Bulletin  No.  70) 
the  result  of  the  studies  on  the  use  of 
these  machines  made  in  Texas,  Okla- 
homa, Kansas,  Nebraska,  and  Montana, 
in  cooperation  with  the  Bureau  of  Agri- 
cultural Economics,  the  Bureau  of 
Plant  Industry,  and  the  State  agri- 
cultural experiment  stations.  Par- 
ticular consideration  was  given  by  the 
agricultural  engineei-s  to  the  mechani- 
cal features  of  design  and  the  manner 
of  operation,  for  reducing  costs  of  oper- 
ation and  repairs,  and  losses  of  grain 
in  harvesting  and  threshing.  Similar 
studies  have  subsequently  been  made 
in  Illinois,  Indiana,  Pennsylvania,  and 
Virginia,  especially  relative  to  the  use 
of  the  harvester-thresher  for  soy  beans 
and  grain  sorghums.  A  manuscript 
for  a  bulletin  on  the  care  and  opera- 
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tion    of    the    combine-harvester    is    in 
preparation. 

TRANSPORTATION  OF  PERISHABLE  PRODUCTS 

liesults  of  experiments  made  prior 
to  1927,  in  cooperation  with  the  Bureau 
of  Plant  Industry,  upon  the  insulation 
of  refrigerator  cars  and  the  effect  of 
moisture  on  thermal  conductivity  of 
the  materials,  and  upon  the  value  of 
body  icing  for  various  vegetables,  have 
been  prepared.  Experiments  have  been 
made  in  heating  and  ventilating  cars 
carrying  winter  shipments  of  products 
from  the  Pacific  Northwest  to  eastern 
markets,  and  tests  of  various  heaters 
for  this  purpose  have  been  made.  The 
effects  of  different  methods  of  prepar- 
ing and  loading  the  cars  have  been 
studied,  relative  to  uniformity  of  distri- 
bution of  the  heat  and  control  of  tem- 
perature. Valuable  information  has 
been  obtained,  but  the  tests  will  be  con- 
tinued in  order  to  secure  more  certain 
results. 

WAR-SURPLUS    EXPLOSIVES    FOR    AGRI- 
CULTURAL USE 

The  final  shipments  of  pyrotol,  for 
agricultural  use,  were  made  in  April, 
1928.  Pyrotol  wns  the  last  of  three 
explosives  that  have  been  available 
to  the  farmers  since  1921,  the  others 
being  picric  acid  and  sodatol.  Pyrotol 
was  the  name  given  to  an  explosive 
which  was  worked  out  experimentally 
in  the  endeavor  to  make  use  of  a  Inrge 
quantity  of  smokeless  powder  turned 
over  as  surplus  by  the  War  Depart 
ment.  It  was  composed  of  smokeless 
powder  (60  per  cent),  sodium  nitrate 
(34  per  cent),  and  a  sensitizer  (6  per 
cent).  The  materials  were  assembled, 
mixed,  cartridged,  and  shipped  under 
a  contract  awarded  to  E.  I.  du  Pont  de 
Nemours  (Inc.).  This  work  was  done 
at  three  points — Gibbstown,  N.  J., 
Barksdale,  Wis.,  and  Du  Pont,  Wash. 
Carload  shipments  were  made  from 
these  points  on  orders  of  the  State 
agencies  cooperating  in  this  enterprise. 
As  in  the  case  of  the  other  explosives, 
the  cost  to  the  farmer,  at  the  plant, 
was  only  that  of  preparing  and  ship- 
ping and  amounted  to  6  cents  per 
pound  from  the  Gibbstown  and  Barks- 
dale  plants  and  5.6  cents  per  pound 
from  the  Du  Pont  plant. 


Pyrotol  proved  to  be  an  excellent 
stumping  explosive — perhaps  the  best 
of  the  three  explosives  distributed. 
Bulk  for  bulk,  it  was  approximately 
equal  in  strength  to  40  per  cent  dyna- 
mite. It  was  comparatively  safe,  and 
it  did  not  stain  or  cause  headache  or 
other  ill  effects  when  handled.  Table 
23  shows  by  States  the  quantity  of 
pyrotol  distributed  for  agricultural 
use  during  the  fiscal  year  1928  and 
the  totals  of  all  war  surplus  explosives 
distributed  for  such  use. 

Table  23. — Shipments  of  pyrotol,  1928, 
and  of  all  explosives,  1922-1928,  in- 
clusive 


state 


Alabama-.- 

Alaska.- 

-Arizona- 

Arkansas 

California 

Colorado 

Connecticut 

Florida -.. 

Georgia 

Hawaii 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maryland 

Michigan 

Minnesota 

Mississippi 

Missouri , 

Montana.. , 

Nebra.ska.- 

New  .Tersey 

New  Mexico 

New  York 

North  Carolina. 

Ohio. 

Oklahoma 

Oregon 

Pennsylvania.., 
South  Carolina. 
South  Dakota.- 

Tennessee 

Texas 

Vermont 

Virginia 

Washington 

West  Virginia.. 

Wisconsin 

Experimental,. 


Pyrotol. 

fiscal  vear 

1928 


Pound<i 
153,  700 


16,000 
74, 000 


153,300 


250, 000 
23,000 
50. 000 

265, 000 


20,000 

1,000 

584,  550 

1, 336,  ."550 

32,000 

116,000 

100,000 

86, 100 


577, 350 
32,200 


Total 8,110,400 


927.  .500 
32, 000 

210.  .550 
81,600 
13, 650 
52, 050 


106,  500 

1, 579.  900 

36, 000 

1, 200, 000 


All  explo- 
sives, 
fiscal  years 
1922-1928 


Pounds 

<.   803,900 

5,  500 

1,300 

99, 400 

400, 400 

150 

94,400 

37,000 

436,  400 

1,000 

1, 758, 900 

119,200 

252,  500 

1, 568, 150 

17,800 

71,150 

151, 900 

14,750 

5,813,650 

10,  568.  700 

200,050 

675, 800 

736. 100 

473, 650 

4,200 

500 

66, 450 

3, 690. 250 

252, 200 

400 

5, 707, 950 

123, 600 

938. 700 

381,  500 

302.  7.50 

258, 300 

5,800 

491.350 

10,128,800 

68,250 

16, 968, 4.50 

2.400 


63, 693, 60» 


U.S.GOVBKNMBNT  PRINTING  OFFIOE  :  192S 


For  Release  to  Morning  Papers  of  December  1,  1929 

It 


^^?9.ii3A^ 


REPORT  OF  THE  CHIEF  OF  THE  BUREAU  OF  PUBLIC  ROADS 


United  States  Department  of  Agriculture, 

Bureau  of  Public  Roads, 
Washington,  D.  C,  September  1,  1929. 
Sir  :  I  have  the  honor  to  submit  herewith  the  report  of  the  Bureau 
of  Public  Roads  for  the  fiscal  year  ended  June  30,  1929,  covering  the 
work  done  in  connection  with  the  construction  of  Federal-aid,  na- 
tional-forest, and  national-park  roads,  the  economic  and  physical 
reseaj'ches  in  connection  with  problems  of  highway  improvement, 
and  the  research  and  other  work  of  the  division  of  agricultural 
engineering. 

Respectfully, 

Thos.  H.  MagDonald, 

Chief  of  Bureau. 
Hon.  Arthur  M.  Hyde, 

Secretary  of  Agriculture. 


For  several  years  the  appropriations 
authorized  for  Federal  aid  in  the  im- 
provement of  the  Federal-aid  highway 
system  have  been  $75,000,000  a  year. 
Owing  to  the  fact  that  the  appropria- 
tions for  the  earlier  years  were  not 
expended  within  the  years  for  which 
they  were  made  a  balance  had  been 
accumulated  which  has  permitted  in 
recent  years  a  rate  of  improvement 
greater  than  would  have  been  possible 
within  the  appropriations  authorized. 
This  balance  has  now  been  absorbed 
and  it  has  been  necessary  to  confine 
the  program  of  improvement  within 
the  limitations  of  the  appropriations 
currently  authorized. 

Accordingly  the  mileage  of  improve- 
ments completed  during  the  fiscal  year 
1929  was  smaller  than  in  previous 
years.  Initial  improvements  were 
completed  during  the  year  on  only 
7,402  miles  of  the  system  as  compared 
with  8,184  miles  the  preceding  year. 
Advanced  stages  of  improvement  were 
completed  on  1,987  miles,  less  by  27 
miles  than  the  mileage  of  similar  im- 
provements during  the  fiscal  year  1928. 
At  the  close  of  the  year  initial  im- 
provements were  in  progress  on  ap- 
proximately 8,.358  miles  and  advanced 


stage  construction  was  under  way  on 
1,167  miles,  the  corresponding  figures 
a  year  ago  being  9,494  and  1,285  miles, 
respectively. 

All  of  this  work  was  and  is  being 
done  on  roads  included  in  the  Federal- 
aid  highway  system  which,  on  June  30 
of  this  year  consisted  of  188,857  miles 
of  main  interstate  and  intercounty 
roads. 

The  total  mileage  initially  improved 
with  Federal  aid  since  the  beginning 
of  Federal  cooperation  is  79,796  miles. 
Of  this  mileage  a  portion,  improved 
prior  to  1921,  was  not  included  in  the 
Federal-aid  system  designated  in  ac- 
cordance with  the  Federal  highway 
act  passed  in  that  year.  In  general, 
the  roads  omitted  from  the  system  were 
not  of  sufiicient  importance  to  justify 
inclusion,  but  having  received  Federal 
aid  for  their  improvement  the  State 
highway  departments  have  been  re- 
quired by  the  law  to  maintain  them. 

In  order  to  free  the  States  of  the 
necessity  of  continuing  the  mainte- 
nance of  these  relatively  unimportant 
I'oads,  ai'rangements  have  been  made 
whereby  the  roads  of  this  character 
may  be  abandoned  as  Federal-aid 
highways  and  the  Federal  funds  ex- 
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pended  for  their  improvement  re- 
funded to  be  reallotted  to  current  proj- 
ects witliiu  the  designated  system. 
During  the  past  year  approximately 
485  miles  of  such  roads  have  been 
abandoned,  thereby  reducing  the  in- 
itially improved  mileage  of  record  to 
79,311  miles. 

By  relocations  made  in  the  course 
of  stage  construction  the  original 
length  of  the  improved  roads  has  be+^n 
reduced  by  a  total  of  nearly  47  miles, 
so  that  the  actual  present  length  of 
the  roads  initially  improved  with  Fed- 
eral aid  and  retained  as  Federal-aid 
highways  is  79,264  miles.  As  approx- 
imately 1,167  miles  were  undergoing 
stage  construction  at  the  close  of  the 
year  and  had  accordingly  been  tem- 
porarily removed  from  the  classifica- 
tion of  improved  mileage,  the  total  so 
classified  on  June  30,  1929,  was  78,096.6 
miles. 

In  addition  to  the  cooperative  work 
carried  on  under  the  Federal-aid 
appropriation,  the  bureau  has  also 
cooperated  with  the  States  of  Vermont, 
New  Hampshire,  Kentucky,  Missouri, 
Arkansas,  Louisiana,  and  Mississippi 
in  the  restoration  of  roads  damaged  or 
destroyed  by  the  floods  of  1927.  This 
work  has  been  done  under  special 
flood-relief  legislation  enacted  by  the 
last  Congress ;  and  has  resulted  so  far 
in  the  completion  of  improvements  on 
21  miles  of  road  in  Vermont.  14  miles 
in  New  Hampshire,  and  29  miles  in 
Kentucky.  Other  improvements  are 
under  way  in  these  States  and  in  the 
States  of  the  Mississippi  Valley  above 
mentioned. 

By  the  completion  of  315.4  miles  of 
national-forest  roads  during  the  year 
the  total  mileage  upon  which  improve- 
ments have  been  completed  is  increased 
to  4,090.7.  Of  this  total,  3,782  miles 
are  in  the  12  Western  States  and  the 
Territory  of  Alaska  and  308.7  miles 
are  in  Eastern  States.  These  improved 
roads  are  portions  of  the  forest  road 
system  which  has  been  designated 
jointly  by  State  and  Federal  authori- 
ties and  which  includes  at  pre>ent  a 
total  of  14,165.7  miles  of  which 
12,014.5  miles  are  in  the  12  AVestern 
States  and  Alaska,  and  the  balance  in 
eastern  States. 

The  work  done  in  improvement  of 
national-park  roads  under  agreement 
with  the  National  Park  Service  re- 
sulted during  the  year  in  the  comple- 
tion of  100.7  miles  of  important  im- 
provements in  these  reservations  in- 
cluding the  interesting  tunnel  section 
of  the  Zion  Park  project  and  the  west- 
side  section  of  the  famous  Transmoun- 


tain  Highway  in  Glacier  Park.  By  the 
year's  addition  the  mileage  of  com- 
pleted improvements  in  the  national 
parks  is  brought  to  213.4  miles,  almost 
doubling  the  mileage  previously  im- 
proved. At  the  close  of  the  year  con- 
struction was  in  progress  on  113  miles 
and  surveys  were  under  w'ay  on  209 
miles.  All  this  work  is  directed  to- 
ward the  eventual  improvement  of  a 
systena  of  major  park  roads  including 
1,509.7  miles. 

Among  the  numerous  investigations 
conducted  by  the  bureau  with  a  view 
to  improving  the  design  of  highways 
and  the  quality  of  highway  materials, 
none  has  produced  this  year  more  en- 
couraging results  than  the  studies  of 
soils  with  respect  to. their  behavior  as 
road  subgrades.  By  the  various  tests 
that  have  been  developed  it  is  now 
believed  to  be  possible  to  classify  the 
majority  of  soils  encountered  in  road 
{'onstruction  and  anticipate  their  be- 
havior under  the  conditions  to  which 
they  are  subject  as  road  subgrades ; 
and  a  report  has  been  issued  during 
the  year  which  outlines  definite  meth- 
ods of  utilizing  this  knowledge  as  a 
guide  in  the  design  of  pavements  and 
other  road  surfaces  to  be  laid  on  the 
various  types  of  soil. 

Investigations  and  methods  of  con- 
structing low-cost  bituminous  roads 
are  being  continued,  and  information 
of  great  value  is  being  obtained  and 
applied  in  the  improvement  of  por- 
tions of  the  Federal-aid  system  sub- 
ject to  fairly  light  traffic  and  by  State 
and  local  authorities  to  other  roads 
of  like  character  outside  of  the  Fed- 
eral system. 

Other  physical  investigations,  especi- 
ally those  relating  to  the  character  of 
Portland  cement  concrete  and  the  ef- 
fect of  various  elements  on  its  quality, 
have  produced  important  results  that 
have  been  disseminated  in  the  bureau's 
publication.  Public  Roads. 

PROGRESS  IN  FEDERAL-AID  ROAD  CON- 
STRUCTION 

Initial  improvements  were  completed 
during  the  year  on  7.402.3  miles  of  the 
Federal-aid  highway  system.  Ad- 
vanced stages  of  construction  were 
completed  on  1.987.7  miles.  The  total 
mileage  upon  which  improvements 
weie  completed  was  therefore  9,390 
miles. 

At  the  close  of  the  year  construction 
of  initial  improvement  was  in  prog- 
ress on  8,358.6  miles,  and  other  initial 
improvements  had  been  approved  for 
1,833   miles.     Stage  construction   was 
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in  projiTess  at  tlie  close  of  the  year  on 
1.1G7.7  miles  of  road  already  initially 
improved  with  Federal  aid,  and  similar 
advanced  improvements  had  been  ap- 
px-oved  for  1,065.3  miles. 

The  year's  completion  of  initial  im- 
provements was  less  than  that  of  any 
year  since  1921  and  less  than  that  of 
the  preceding  year  by  782  miles.  The 
mileage  of  stage  construction  com- 
pleted was  greater  than  the  mileage 
completed  in  any  previous  year  ex- 
cept l'J28,  and  was  less  than  the  record 
of  that  year  by  only  about  27  miles. 
In  respect  to  the  total  mileage  of  im- 
provement completed,  the  year's  rec- 
ord was  lower  than  that  of  all  years 
since  1921  with  the  exception  of  1923 
and  1924.  The  record  of  mileage  com- 
pleted in  each  of  the  fiscal  years  since 
1921  is  shown  in  Table  1. 

The  decline  in  mileage  completed 
during  the  last  year  is  the  anticipated 
result  of  the  shrinkage  of  the  program 
to  the  rate  fixed  by  the  appropriations 
of  $73,000,000  which  have  been  made 
for  several  years  past  and  the  absorp- 
tion of  unobligated  balance  passed  on 
from  the  earlier  years  of  operation. 

Table  1. — Mileage  of  initial  and  stage 
construction  completed,  hp  fiscal 
years,  1917-1921  to  1929.  vnclusive 


Mileage 

of 
initial 
con- 
struction 
com- 
pleted 

Stage  construction 
completed 

Fiscal 

year 

Mile- 
age 

Percent- 
age of 
initial 
con- 
struction 

Total 
con- 
struction 

1917-1921. 

7,  469.  5 
10, 247. 0 

8, 820.  2 

8,  620.  3 
11,328.6 

9, 417.  3 
8, 306. 9 
8, 184.  2 
7,  402.  3 

Miles 
7,469  5 

1922 

10,  247. 0 
8, 938.  0 
8, 980.  7 

11,  885.  0 
10, 469.  9 
10,  019.  5 
10, 198.  3 

9,  390. 0 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

117.8 

360.4 

556.4 

1, 052.  6 

1,  712.  6 

2,  014. 1 
1, 987.  7 

1.3 
4.2 
4.9 
11.2 
20.6 
24.6 
26.9 

A  year  ago  the  total  mileage  upon 
which  initial  improvements  had  been 
completed  was  72,394  miles.  Up  to 
that  time  relocations  made  in  the 
course  of  stage  construction  had  re- 
sulted in  the  .shortening  of  the  original 
mileage  by  34.5  miles,  so  that  the  re- 
duced mileage  of  completed  initial 
improvements  was  72,359.5  miles. 

During  the  past  year  relocations 
have  been  completed  in  the  course  of 


stage  construction  which  further  re- 
duce the  original  mileage  by  12.2  miles 
and  4S5.3  miles  improved  with  Federal 
aid  prior  to  1921  and  not  included  in 
the  Federal-aid  highway  system  have 
been  abandoned,  as  explained  subse- 
quently in  this  report.  With  these 
reductions,  the  addition  of  7.402.3  miles 
of  completed  initial  improvements  dur- 
ing the  year  brings  the  total  of  such 
initial  improvements  to  79,264.3  miles. 
AYith  the  exception  of  a  small  mileage,, 
improved  prior  to  1921  and  still  re- 
tained, all  of  this  mileage  is  in  the 
Federal-aid  highway  system.  As  1,167.7 
miles  of  the  above  total  was  in  course 
of  stage  construction  when  the  fiscal 
year  closed,  the  total  mileage  classified 
as  improved  at  that  time  was  78,096.6, 
as  shown  in  Tables  16  and  20. 

The  Federal-aid  system,  as  desig- 
nated to  June  30,  1929,  includes 
188,857.2  miles  of  main  interstate  and. 
intercounty  highways.  As  indicated 
above,  approximately  79,000  miles  of 
the  system  have  been  initially  im- 
proved thus  far  with  Federal  aid. 
While  these  improvements  have  been 
under  way  with  Federal  aid  the  States 
have  been  improving  other  sections 
without  assistance  from  the  Federal 
Government  and  their  independent 
work  has  equalled  and  perhaps  ex- 
ceeded in  volume  the  work  done  in 
cooperation  with  the  Government.  A 
portion  of  the  system  was  already  im- 
proved when  it  was  originally  desig- 
nated in  1921.  Of  the  amount  of  this 
original  improvement  and  the  amount 
subsequently  effected  by  the  independ- 
ent operations  of  the  States  there  is 
no  exact  record,  but  a  log  of  the  physi- 
cal condition  of  the  system  compiled 
after  inspection  of  the  entire  mileage 
shows  that  nearly  90  per  cent  of  the 
system  has  now  been  improved  to  some 
degree,  at  least  by  adequate  grading, 
and  drainage. 

STAGE  CONSTRUCTION 

As  shown  by  Table  1,  stage  construe^ 
tion  was  completed  during  the  year  on 
1.987.7  miles  -of  the  system  previously 
improved  with  Federal  aiil.  Although 
this  was  less  than  the  mileage  simi- 
larly improved  in  the  preceding  year 
by  26.4  miles,  the  stage  construction 
this  year  constituted  a  greater  part  of 
the  whole  program  than  in  any  pre- 
vious year.  Again  referring  to  Table 
1,  it  will  be  seen  that  the  mileage  of 
stage  construction  completed  this  year 
was  26.9  per  cent  of  the  mileage  of 
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initial  improvement  completed ;  and  it 
will  also  be  observed  that  the  corre- 
sponding percentage  has  increased  pro- 
gressively year  by  year  since  tlie  first 
work  of  this  sort  was  done  in  the  fiscal 
year  1923.  As  the  improvement  of  the 
system  progresses  toward  the  condition 
ultimately  required  it  is  to  be  expected 
that  this  percentage  will  continue  to 
increase. 

The  log  of  physical  condition  re- 
cently completed  indicates  that  there 
are  now  only  about  20,000  miles  that 
have  not  been  improved  at  least  by 
adequate  grading  and  drainage.  If 
the  combined  efforts  of  the  States  and 
the  Federal  Government  were  applied 
to  this  unimproved  mileage  only,  it 
would  all  be  improved  in  a  year  or 
two.  It  is  not  likely  that  this  will 
be  done  because  of  the  greater  need 
for  advanced  improvement  on  other 
sections  of  the  system.  Consequently, 
there  will  probably  remain  for  several 
years  some  small  unimproved  sections 
of  the  system — the  least  important  of 
all  parts  of  the  system  from  the  stand- 
point of  tragic  service. 

It  does  not  f'lllnw,  however,  from 
the  fact  that  substantially  the  entire 
system  is  now  or  wi  I  shortly  be  im- 
proved to  some  degr^^e,  that  all  Fed- 
eral-aid work  will  soon  be  classed  as 
stage  constructicn.  The  work  so  clas- 
sified includes  only  the  advanced  stages 
of  constructi(m  on  sections  of  the  sys- 
tem originally  improved  with  Federal 
aid.  The  first  work  done  with  Federal 
aid  on  any  section  of  the  system  is 
classed  by  the  bureau  as  initial  con- 
struction, whether  it  consist  merely  of 
grading  and  drainage  or  the  construc- 
tion of  a  surfaced  or  paved  road.  Con- 
sequently there  is  niw  classified  as  in- 
itially improved  with  Federal  aid  a 
considerable  mileage  which  had  been 
improved  by  the  States  to  some  degree 
before  the  first  Federal-aid  work  was 
done  upon  it.  By  virtue  of  the  defini- 
tion of  "  initial  improvement,"  as  used 
in  these  reports,  it  is  to  be  expected 
that  work  so  classified  will  remain  for 
S')me  time  an  important  part  of  the 
Federal-aid  activity,  but  if  is  also  to  be 
expected  that  the  type  of  construction 
so  classified  will  be  higher  in  the  fu- 
ture than  it  has  been  in  the  past. 

Since  the  stage  consti-uction  is  ap- 
plied to  mileage  already  initially  im- 
proved with  Federal  aid  it  does  not  in- 
crease the  initially  improved  mileage ; 
but,  on  the  contrary,  may  result  in  a 
slight  reduction  of  the  original  mileage 
by  reason  of  distance-shortening  reloca 


tions  of  alignment.  The  work  of  stage 
construction  completed  this  year,  as 
l)reviously  indicated,  efl'ects  such  a  re- 
duction amounting  to  12.2  miles. 

The  purpose  of  the  stage  construc- 
tion and  its  invariable  effect  is  grad- 
ually to  raise  the  standard  of  the 
roads  improved  with  Federal  aid.  Be- 
cause of  the  pressure  of  traffic  demand 
and  the  lack  of  sufficient  funds  to  im- 
prove all  parts  of  the  system  at  once 
to  the  standard  ultimately  required, 
it  has  been  necessary  to  limit  the  in- 
itial improvement  of  the  more  lightly 
traveled  sections  of  the  system  to 
grading  and  drainage  or  to  the  con- 
struction of  an  inexpensive  surface  in 
order  to  give  some  measure  of  im- 
r)rovement  to  as  large  a  mileage  as 
practicable.  As  increasing  traffic  de- 
mands and  available  funds  permit 
these  cheaply  improved  sections  are 
further  improved  by  stage  construc- 
tion, involving  usually  the  construc- 
tion of  a  surface  where  none  was  built 
originally  or  the  replacement  of  a  low- 
type  original  surface  with  one  of 
higher  type.  Occasionally  the  work 
involves  the  correction  of  alignment  or 
the  elimination  of  railroad  grade  cross- 
ings either  by  construction  of  a  grade- 
separating  structure  or  by  relocation 
of  the  highway  to  avoid  the  crossing. 
In  one  way  or  another  the  effect  is 
gradually  to  better  the  existing  im- 
provement and  this  effect  is  most 
clearly  api)arent  by  comparing  the 
type  classification  of  the  improved 
mileage  from  year  to  year. 

A  year  ago,  for  example,  the  mile- 
age improved  with  high-type  pave- 
ments of  brick,  concrete,  and  bitumin- 
ous concrete  was  less  than  29  per  cent 
of  the  total  improved  mileage.  Two 
years  prior  to  that  the  corresponding 
percentage  was  less  than  26.  To-day 
30.4  per  cent  of  the  mileage  classified 
as  improved  (exclusive  of  bridges)  is 
paved  with  these  highest  types  of  sur- 
facing. 

As  will  be  observed  in  Table  2,  51 
per  cent  of  the  mileage  of  stage  con- 
struction completed  during  the  year 
was  in  the  West  North  Central  States. 
Less  than  4  per  cent  was  in  the  sec- 
tions of  the  country  where  population 
is  most  dense  and  traflic  heaviest,  in- 
cluding the  New  England,  Middle  At- 
lantic, East  North  Central,  and  Pacific 
groups  of  States.  The  rest  is  in  the 
Southern  States  and  the  area  west  of 
the  Mississippi  River,  mostly  in  the 
latter  section. 
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Two  factors  combine  to  produce  this 
result:  (1)  The  relative  jirgeucy  of 
high-type  iiuprovemeiit,  and  the  avail- 
ability of  funds  for  the  purpose;  and 
(2)  the  extent  to  which  the  roads  of 
the  various  sections  had  been  initially 
improved  without  Federal  assistance 
before  the  designation  of  the  system. 
Thus,  in  the  sections  where  traffic  is 
heaviest  there  has  existed  for  some 
years  an  urgent  need  for  road  improve- 
ment of  an  advanced  type  and  revenue 
has  been  available  to  carry  out  such 
improvement  at  a  reasonable  rate.  In 
thtse  sections  improvement  had  been 
in  progress  for  a  considerable  period 
prior  to  the  designation  of  the  Federal- 
aid  system,  and  a  comparatively  large 
percentage  of  tlie  mileage  designated 
had  already  been  improved  to  some  ex- 
tent, at  least  by  grading  and  drainage. 
The  initial  Federal-aid  improvements 
in  these  sections  have  therefore  been 
of  a  comparatively  high  type,  and  there 
has  been  little  need  to  raise  their 
standard  by  stage  construction. 

Table  2. — Mileage  of  stage  construc- 
tion completed  during  the  fiscal  year 
1929,  by  groups  of  States 


Group  of  States 

Mileage  of 
stage  con- 
struction 
completed 
during 
the  year 

Percent- 
age of 
the  total 

0.3 

8.5 

182.1 

51.7 

217.7 

1, 014. 4 

241.2 

257.5 

14.3 

Middle  Atltntic. 

0.4 

9.2 

East  North  Central 

East  South  Central 

2.6 
11.0 

West  North  Central 

West  South  Central 

51.0 
12.1 
13.0 

Pacific 

.7 

All  States 

1, 987.  7 

100.0 

In  the  other  sections,  particularly  in 
the  region  between  the  Mississippi  and 
the  western  tier  of  States,  many  of  the 
States  had  made  but  little  progress  in 
road  improvement  before  the  Federal- 
aid  system  was  designated.  Traffic  at 
that  time  was  relatively  light,  and  the 
funds  available  for  construction  were, 
in  some  cases,  extremely  limited.  With 
so  much  of  the  system  entirely  unim- 
proved, the  first  effort  was  directed 
toward  the  extension  of  some  measure 
of  betterment  to  a  large  mileage  as 
quickly   as  possible.     Then,   as  traffic 


increased,  these  original  improvements 
have  been  brought  to  higher  type.  In 
these  regions  the  Federal  Government 
has  assisted  in  the  original  improve- 
ments and  is  now  cooperating  in  their 
advancement  to  higher  type;  and  as 
would  naturally  be  expected,  the  ad- 
vanced improvements  constitute  the 
highest  percentage  of  the  whole  pro- 
gram in  the  States  where  the  traffic 
demand  is  greatest  and  where  there  is 
the  nearest  approach  to  completion  of 
the  initial  improvement  of  the  system. 
This  is  preeminently  the  case  in  the 
West  North  Central  States  and  ac- 
counts for  the  high  percentage  of  the 
stage  construction  work  that  has  been 
done  in  recent  years  in  this  section. 

ABANDONMENT    OF    MILEAGE    OUTSIDE 
OF  FEDERAL-AID  SYSTEM 

Prior  to  the  passage  of  the  Federal 
highway  act  in  1921  the  law  permitted 
the  expenditure  of  Federal  aid  upon 
any  road  used  for  the  transportation 
of  the  United  States  mails.  Although 
the  bureau  had  requested  the  States 
to  confine  the  use  of  the  Federal 
grants  to  the  improvement  of  the  more 
important  roads,  there  was  no  legal 
means  of  compelling  such  a  limitation, 
and  some  of  the  money  was  expended 
for  the  improvement  of  sections  of 
road  which  were  not  of  sufficient  im- 
portance to  be  included  in  the  Federal- 
aid  system  when  it  was  designated. 

In  accordance  with  the  provisions  of 
the  Federal  law,  the  States  in  which 
such  sections  existed  have  since  been 
required  to  maintain  these  as  well  as 
all  other  roads  constructed  in  part 
with  Federal  aid.  None  of  these  sec- 
tions of  road  is  of  sufficient  importance 
to  be  properly  a  concern  of  the  Fed- 
eral Government,  and  many  of  them 
do  not  justify  the  attention  of  the 
State  highway  departments.  They  are 
actually  of  local  importance  and 
should  revert  to  the  jurisdiction  of  the 
local  authorities. 

In  recognition  of  this  fact  there  has 
been  begun  a  process  of  abandonment 
by  which  in  a  short  time  all  such  roads 
and  sections  of  roads  not  now  included 
in  the  Federal-aid  system  or  likely  to 
be  included  by  any  future  extension 
will  be  dropped  from  the  records  of 
roads  built  with  Federal  aid,  and  the 
States  will  be  relieved  of  the  respon- 
sibility for  their  future  maintenance. 

The  Federal  aid  allotted  to  the  con- 
struction    of    these    roads     is    being 
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Table  3. — Total  cost.  Federal-aid,  and 
mileage  of  roads  abandoned  to  June 
30,  1929,  for  which  other  improve- 
ments have  been  substituted 


charged  to  ';ther  projects  currently 
proposed  at  tlie  time  of  abandonment. 
Thus,  in  effect — although  no  actual 
transfer  of  funds  is  required — the 
States  reimburse  the  Federal  Govern- 
ment in  the  amount  of  its  expendi- 
tures upon  the  roads  to  be  abandoned, 
and  the  restored  funds  are  immediately 
allotted  to  other  projects. 

Up  to  the  close  ot  the  fiscal  year 
there  had  been  thus  abandoned  in  18 
States  485.3  miles  of  road,  originally 
constructed  at  a  total  cost  of  $4,734,- 
€59.24,  of  which  the  Federal  Govern- 
ment paid  .$1,906,542.61,  The  States  in 
which  these  roads  were  abandoned  and 
the  mileage,  total  cost,  and  Federal 
aid  involved  in  each  State,  are  shown 
in  Table  3.  The  mileage  of  the  sev- 
eral types  of  road  abandoned  in  each 
■of  the  States  is  given  in  Table  4.  A.-^ 
will  be  se?n  from  this  table,  the  greater 
part  of  the  abandoned  mileage  had 
l)een  improved  with  low-type  surfaces. 

Table  4, — Mileage  of  roads  abandoned  to  June  30, 1929,  for  which  other  improve- 
ments have  been  substituted,  by  types  of  construction,  by  States 


state 

Total  cost 

Federal  aid 

Mile- 
age 

Alabama.. 

Arkansas 

Kansas 

$33, 947.  60 
369,  863.  37 

3,  084.  76 
31, 433.  22 
12, 150. 10 

357, 020.  74 

1,  319,  394.  61 

783. 93 

293.  68 

10, 046.  35 

52,  715.  38 

43,  692.  89 

42,  372.  46 

4,  779,  96 
99,  290.  75 

236, 358.  30 

2, 104, 922.  58 

11, 908.  56 

$16, 433. 17 
163, 645.  40 

1,  542. 38 
14, 301. 06 

6, 075. 05 

163,  618.  76 

491,  282.  38 

391. 96 

146. 84 

5, 023. 17 

25, 964.  81 

18,  245.  34 

20,968.87 

2,  294.  32 
33, 333.  34 
99, 198. 03 

838, 916. 92 
5,160.81 

5.5 

35.2 

1.5 

Louisiana 

Massachusetts. 

Michigan 

Minnesota 

Montana 

Nebraska 

Nevada 

New  Mexico. -- 

New  York 

North  Dakota. 
South  Carolina. 
Texas 

1.1 

.1 

20.9 

178.4 
.2 
.2 

9.'9 
1.1 
7.1 

7.1 

Virginia 

Wisconsin 

Wyoming 

8.9 

197.4 

10.4 

Total 

4,  734,  059. 24    1,  906,  542.  61 

485.3 

State 

^'Jf^'^     Sand- 
dr'^ned      ^^^^^ 

Gravel 

Water- 
bound 
macadam 

Bitu- 
minous 
macadam 

Bitu- 
minous 
concrete 

Portland 
cement 
concrete 

Bridges 

Total 

! 

.5.5 
32.0 

5.5 

3.6 

0.1 

6.1 

35.2 

1.5 

1,5 

1.1 

1.1 

.1 

.1 

1 

14.4 

155.7 

.  1 

2.6 

3.9 

20.9 

17.2  L._ 

.  1  1 

5.5 

178.4 

.2 

.2 

i 

.2 

1 

9.9 

9.9 

New  York 

! 

LI 

1.1 

""""6.'8 

.3 

7.1 

Texas 

7.4 

1 

7.4 

1.4 

7.5 

8.9 

49.5 
10.4 

28.5 

100.6 

18. 7               .1 

197.4 

10.4 

Total. -- 

85.7 

28.5 

326.7 

4.0 

10.5 

3.9 

2.5.4 

.6 

485.3 

The  status  and  character  of  the  new 
projects  upon  which  the  refunded  Fed- 
eral aid  ha><  been  reallotted  are  re- 
ported fully  in  Tables  5,  6,  7,  8,  9, 
.and  10,  It  is  shown  in  these  tables 
that  $1,467,699,15  of  the  refunded 
total  has  been  allotted,  together  with 
additional  Federal  funds  in  the 
amount  of  $1,740,041.23,  as  Federal  aid 
In  the  construction  of  198.6  miles  of 
initial  improvement  and  42.3  miles  of 
stage  construction  that  was  completed 
by  the  end  of  the  fiscal  year  at  an 
estimated   total    cost   of   $7,807,888,21. 


These  new  improvements  are  shown 
by  Tables  6  ;md  7  to  be  predominantly 
of  the  higher  types.  The  balance  of 
the  Federal  expenditure  returned, 
amounting  to  .$438,843.46,  has  been 
reallotted  in  conjunction  with  an  addi- 
tional sum  of  $1,452,460,09  to  153,7 
miles  of  initial  improvement  and  7.6 
miles  of  stage  construction  which  at 
the  close  of  the  year  was  still  under 
construction.  The  estimated  total  cost 
of  these  projects,  as  shown  in  Table  8, 
is  $4,081,922,16,  Their  type  classifi- 
cation is  shown  in  Table  9. 
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Table  5. — Total  cost,  Federal  aid  substituted,  additional  Federal  aid  allotted, 
and  initial  and  stage  mileage  of  substituted  improvements  completed  to  June 
30,  1929 


state 


Arkansas 

Michigan 

Minnesota 

Montana 

New  York 

North  Dakota 

Texas 

Virginia 

Wisconsin 

Wyoming 

Total.... 


Estimated 
total  cost 


$1,329, 

1.57, 

1,  974, 

26, 

425, 

33, 

451, 

348, 

3, 102, 

18, 


7, 867,  888.  21 


Federal  aid 
substituted 


13, 
491, 

18, 
16, 
33, 

89, 

745, 

5, 


178.  30 
800.  15 
282.  38 
92.64 
245.  34 
575.  23 
333.  34 
031.06 
999.  90 
160.  81 


1,  467,  699. 15 


Additional 

Federal  aid 

allotted 


$601, 174. 42 

58,  940.  85 

74,  082.  43 

11,179.68 

125,  355.  00 


179, 177.  28 
"696,"i3i.'57" 


1,  746,  041.  23 


Mileage 


Initial        Stage 


23.1 
3.8 

40.4 
2.0 
9.5 
9.4 


7.1 
103.3 


198.6 


18.1 


7.8 
9.8 


42.3 


T.VBLE  6. — Mileage  of  completed  initial  i^iprovements  substituted  for  abandoned 
roads  to  June  30,  1929,  by  types  of  construction,  by  States 


state 

Graded 

and 
drained 

Gravel 

Water-        Bitu- 

bound       minous 

macadam  macadam 

Portland 
cement 
concrete 

Bridges 

Total 

Arkansas 

3.9 

1 

18.3 
3.8 

32.8 

.2 

9.5 

0.9 

23.1 

3.8 

7.6 

40.4 

1.8 

2.0 

9.5 

9.4 

1 

9.4 

1 

7.1 

7.1 

22.6 

4.0 

76.5 

.2 

103.3 

Total 

20.9 

24.4 

4.0 

7.1 

141.1 

1.1 

198.6 

Table  7. — Mileage  of  completed  stage  im,provements  substituted  for  abandoned 
roads  to  June  30,  1929,  by  types  of  construction,  by  States 


state 

Graded 

and 
drained 

Gravel 

Portland 
cement 
concrete 

Total 

Minnesota ... 

6.6 

6  6 

Texas 

18.1 

7.8 

18  1 

Wisconsin 

7  8 

Wyoming 

" 

9.8 

9  8 

Total 

6.6 

9.8 

25.9 

42  3 

Tabsle  8. — Total  cost,  Federal  aid  substituted,  additional  Federal  aid  allotted, 
and  initial  and  stage  mileage  of  substituted  im,provements  under  co7istruction 
on  June  30,  1929 


Under  construction 

State 

Estimated 
total  cost 

Federal  aid 
substituted 

Additional 

Federal  aid 

allotted 

Mileage 

Initial 

Stage 

Alabama 

$177, 438.  51 
349, 232.  26 

78, 417.  02 
876, 678. 13 
245, 104.  53 
762, 940.  86 
201, 469.  62 
5,  557.  42 

43, 746.  45 
248, 008.  86 
124, 287. 92 
254,973.03 
123, 398.  35 
590, 669.  20 

$16, 433. 17 

109, 467. 10 

1,  542.  38 

14, 301.  06 

6, 075.  05 

149,  818.  61 

299.  32 

146.  84 

5, 023. 17 

25,964.81 

4, 393.  64 

2, 294. 32 

10, 166. 97 

92, 917.  02 

$72,  286. 08 
65, 149.  03 
19, 844. 08 

424, 038.  00 
69, 410.  72 

186,921.39 

113,  732.  48 

2, 631.  87 

33, 845.  54 

131,  735.  75 
49, 494.  35 
45, 000. 00 
47, 293. 82 

191, 076.  98 

16.6 

15.4 

11.1 

3.6 

4.8 

23.5 

16.6 

.9 

6.3 

7.8 

23.6 

Arkansas 

Kansas 

Louisiana 

Massachusetts 

Michigan . 

Montana 

Nebraska 

Nevada 

New  Mexico .  . 

North  Dakota 

South  Carolina 

7.6 

Virginia 

3.7 
19.8 

Wisconsin 

Total 

4, 081, 922. 16 

438, 843.  46 

1,  452, 460.  09 

153.7 

7.6 
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Table  9. — Mileage  of  initial  improvement  under  construction  on  Juive  SO,  1929, 
sul)Stituted  for  abandoned  roads,  by  types  of  construction,  by  States 


state 

Graded 

and 
drained 

Sand- 
clay 

Gravel 

Bitumi- 
nous 
macadam 

Bitumi- 
nous 
concrete 

Portland 
cement 
concrete 

Bridges 

Total 

Alabama 

16.5 

0.1 

16  6 

Arkansas 



15.4 

15  4 

Kansas 

11.0 

.1 

3.6 

■ 

11  1 

Louisiana 

3  6 

Massachusetts 

4.8 

4  8 

Michigan 

3.0 
16.6 

20.5 

23  5 

Montana 

16  6 

Nebraska - -  - 

0.9 

.9 

Nevada 

6.3 

6  3 

New  Mexico 

4.6 

2.9 

.4 

.5 
.1 

7  8 

North  Dakota 

23.5 

23.6 

Virginia... 

3.7 

3.7 

Wisconsin     

3.9 

15.6 

.3 

19  8 

Total - 

51.0 

.9 

27.5 

14.8 

2.9 

51.9 

4.7 

153  7 

Note.— The  only  mileage  of  stage  improvement  under  construction  on  June  30,  1929,  substituted  for 
abandoned  roads  is  7.6  miles  of  Portland  cement  concrete  in  South  Carolina. 

Table  10. — Comparison  of  the  abandoned  and  substituted  mileages  on  June  30, 

1929,  by  States 


State 

Abandoned 

Substituted 

Changes  in  the  mile- 
age of  roads  im- 
proved with 
Federal  aid 

Increase 

Decrease 

Alabama.. 

5.5 

35.2 

1.5 

1.1 

.1 

20.9 

178.4 

.2 

.2 

(') 

9.9 

1.1 

7.1 

0) 

7.4 

8.9 

197.4 

10.4 

16.6 

38.5 

11.1 

3.6 

4.8 

27.3 

40.4 

18.6 

.9 

6.3 

7.8 

9.5 

33.0 

10.8 
123.1 

11.1 
3.3 
9.6 
2.5 
4.7 
6.4 

Arkansas 

Kansas _. 

Louisiana 

Massachusetts 

Michigan 

Minnesota 

138.0 

Montana 

18.4 

.7 

6.3 

Nebraska .         . 

Nevada 

New  Mexico 

2.1 

New  York 

8.4 
25.9 

North  Dakota 

South  Carolina 

Texas 

7.4 

Virginia 

1.9 

Wisconsin. 

74.3 

Wyoming 

10.4 

Total 

485.3 

352.3 

99.2 

232.2 

1  Less  than  0.1  mile. 

TYPES  OF  FEDERAL-AID  ROADS 

The  7,402.3  miles  of  initial  improve- 
ment completed  during  the  year  con- 
sists of  2,198.1  miles  of  graded  and 
drained  earth  roads,  478.5  miles  of 
sand-clay  roads,  1,755.5  miles  of  gravel 
roads,  85  miles  of  water-bound  mac- 
adam roads,  380.8  miles  of  bituminous 
macadam  roads,  132  miles  of  bitumi- 
nous concrete  pavement,  2,284.9  miles 
of  concrete  pavement,  and  43.9  miles 
paved  with  brick.  The  remaining  43.G 
miles    were    made    up    of    numerous 


2  Stage  improvement  substituted. 

bridges  and  their  approaches,  each 
structure  more  than  20  feet  in  length. 
If  the  ratio  of  registered  motor 
vehicles  in  each  State  to  the  mileage 
of  the  Federal-aid  highway  system  be 
taken  as  a  rough  measure  of  the  gen- 
eral density  of  traffic  on  the  system,  it 
will  be  seen  from  Table  11  that  the 
types  of  improvement  completed  dur- 
ing the  j'ear  are  generally  consistent 
with  the  density  of  traffic  in  each  geo- 
graphic subdivision  of  the  United 
States,  with  the  exception  of  the 
Pacific    States.    In    this    table    it    is 
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shown  that  the  hi,sj:her  types,  incluciin«- 
the  pavements  and  bituminous  mac- 
adam, which  are  the  types  best  suited 
to  heavy  and  dense  trafhc,  are  repre- 
sented in  greatest  proportion  in  the 
mileage  completed  in  the  Middle  At- 
lantic States  where  traflBc  is  heaviest; 
and  that  the  proportion  of  these  types 
in  other  divisions,  with  the  exception 
of  the  Pacific  group,  is  roughly  con- 
sisitent  witli  the  traffic  factor. 

Table  11. — Relation  of  the  types  of 
initial  improvements  completed  dur- 
ing the  fiscal  year  1929  and  the 
general  density  of  motor-vehicle 
traffic  on  the  Federal-aid  highway 
system,  'by  groups  of  States 


Number 
of  motor 
vehicles 
per  mile 
of  Fed- 
eral- aid 
system  ' 

Percentage  of 

mileage  of  initial 

improvements 

completed 

Group  of  States 

Bitumi- 
nous 
macad- 
am and 
higher 
types 

Water- 
bound 
macad- 
am and 
lower 
types 

Middle  Atlantic 

New  England 

Pacific - 

384 

255 

220 

214 

103 

89 

79 

70 

39 

87.3 
80.8 
43.3 
78.2 
63.7 
35.4 
24.0 
H.O 
13.0 

12.7 
19.2 

66.7 

East  North  Central.. 

South  Atlantic 

West  South  Central.. 
East  South  Central.. 
West  North  Central.. 
Mountain 

21.8 
36.3 
64.6 
76.0 
86.0 
87.0 

All  States 

129 

38.8 

61.2 

'  As  registered  in  the  several  States  during  the 
calendar  year  1928. 

While  in  tlie  initial  improvements 
completed  during  the  year  the  pave- 
ment types  and  bituminou.si  macadam 
constituted  only  38.8  per  cent  of  the 
total,  the  net  increase  of  these  types, 
as  indicated  by  Table  27,  was  55.6  per 
cent  of  the  total  net  increase  in  mile- 
age, exclusive  of  bridges,  during  the 
year.  The  difference  here  noted  is  the 
combined  effect  of  stage  construction 
and  the  substitution  of  higher  types 
of  improvement  for  the  abandoned  im- 
provements outside  of  the  Federal-aid 
system. 

As  shown  by  Table  12,  the  net  in- 
crease in  the  mileage  of  Portland 
cement  concrete  pavements  was 
greater  than  the  increase  of  any  other 
type  of  improvement ;  and  this  table 
also  shows  that  the  increase  of  the 
four  higher  types  of  improvement  was 
15.7  per  cent  as  compared  with  6.7  per 
cent  for  the  four  lower  types,  and  a 
general  increase  of  9.9  per  cent. 

76099—29 2 


Of  the  78,096.6  miles  classified  as  im- 
proved with  Federal  aid  at  the  close 
of  the  year,  11,667.6  miles  were  graded 
and  drained  earth  roads,  7,033.3  miles 
were  sand-clay  roads,  28,991.1  miles 
were  gravel  roads,  1,615.7  miles  were 
water-bound  macadam  roads,  4,844.8 
miles  were  bituminous  macadam  roads, 
2.193.8  miles  M^ere  paved  with  bitumi- 
nous concrete,  20,617.6  miles  were 
Portland  cement  concrete  pavements, 
and  865.8  were  paved  with  brick  and 
other  block.  The  remaining  266.9 
miles  consisted  of  bridges,  each  over 
20  feet  in  span,  and  their  approaches. 

Table  12. — Mileage  of  the  several  types 
of  Federal-aid  roads  improved  at  the 
close  of  the  fiscal  years  1928  and 
1929  and  percentage  of  increase 


Mileage  at  close 
of  fiscal  year 

Percent- 
age in- 
crease 

Type 

1928  1 

1929  1 

during 
fiscal 
year 
1929 

Graded  and  drained.  _ . 
Sand-clay.. 

10,611.3 
6,  470.  9 
27,  698  3 

11,667.6 
7,  033.  3 

28,991.1 
1,615.7 
4,  844.  8 
2,193.8 

20,617.6 
865.8 

9.91 
8  7L  .. 

Gravel 

476.7 

Water-bound  macadm. 
Bituminous  macadam.. 
Bituminous  concrete... 
Portland  cement  con- 
crete  

Brick 

1,426.6 
4,317.2 
1,993.3 

17,516.3 
817.9 

13.2) 
12.2 
10.0 

»5.7 

17.7 
5.9 

Total 

70, 851. 8 

77,  829.  7 

9.9 

1  Mileage  under  stage  construction  at  the  close  of 
the  year  and  reduction  in  mileage  by  relocation, 
abandonments,  etc.,  deducted  from  total  mileage 
completed. 

EFFECT     OF    INCREASED     TRAFFIC     ON 
ROAD  DESIGN 

Ten  years  ago  the  total  number  of 
motor  vehicles  registered  in  the  United 
States  was  approximately  7,500,000. 
To-day  the  number  in  use  exceeds  25,- 
000.0(JO,  and  the  number  registered  in 
the  four  States  of  New  York,  Cali- 
fornia, Ohio,  and  Pennsylvania  prac- 
tically equals  the  registration  in  the 
entire  country  in  1919.  As  late  as  1921, 
vrhen  the  Federal-aid  highway  system 
was  de&i,gnated,  there  were  less  than 
10,500,000  registered  motor  vehicles  in 
the  whole  country.  It  will  be  seen, 
therefore,  that  while  the  States  and 
the  Federal  Government  have  been 
carrying  on  their  cooperative  program 
of  improvement  of  the  Federal-aid  sys- 
tem the  trafiic  served  by  the  system 
has  been  increasing  at  a  very  rapid 
rate  and  is  now  in  all  probability  at 
least  two  and  a  half  times  as  dense  as 
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it  was  when  the  work  of  improvement 
began. 

Naturally,  so  great  an  increase  in 
t]affic  has  gi-eatly  modified  the  require- 
ments of  road  design  in  all  parts  of 
the  country.  With  respect  to  the  Fed- 
eral-aid system  the  traflBc  conditions 
now  existing  in  such  States  as  Colo- 
rado, Utah,  Arizona,  and  New  Mexico 
require  a  type  of  improvement  equiva- 
lent to  that  required  in  many  of  the 
Eastern  States  in  1921,  and  traflBc  in 
the  more  populous  industrial  States 
of  the  East  has  increased  from  that 
represented  by  an  average  motor  ve- 
hicle registration  of  152  per  mile  of 
the  system  to  the  density  correspond- 
ing to  a  registration  of  382  per  mile. 

Moreover,  these  increases  in  the 
density  of  travel  on  the  country's  most 
important  roads  have  been  accom- 
panied by  corresponding  increases  in 
the  traffic  on  the  local  roads  of  all 
sections,  so  that  thousands  of  miles  of 
these  roads  now  require  for  the  proper 
accommodation  of  their  traffic  a  de- 
gree of  improvement  which  in  1921 
was  required  only  on  the  main  roads. 

With  respect  to  the  Federal-aid  sys- 
tem, these  increased  traffic  demands 
are  being  met,  as  previously  stated  by 
stage  construction  carried  on  concur- 
rently with  the  extension  of  new  im- 
provement ;  but  the  improvement  of 
the  system  as  a  whole  is  yet  far  from 
the  standard  that  will  ultimately  be 
required  in  all  sections,  and  lags  be- 
hind the  present  need  in  most.  These 
roads  still  remain  the  most  important 
roads  of  the  country ;  and  although 
the  utilization  of  all  roads  has  in- 
creased, this  limited  system  still 
serves  the  preponderance  of  the  traffic. 
Its  further  improvement  to  tlie  higher 
standard  required,  therefore,  still  re- 
mains the  most  important  task,  and 
the  only  task  which  is  of  concern  to 
the  Federal  Government. 

The  problem  of  meeting  the  in- 
creased demands  of  traffic  on  the  local 
roads  is  a  matter  of  concern  to  the 
local  and  State  governments,  and  there 
is  evidence  in  the  laws  recently  en- 
acted by  State  legislatures  that  this 
matter  is  being  given  attention  by  the 
State  governments.  Such  evidence  is 
found  in  the  application  of  a  portion 
of  the  gasoline-tax  revenue  to  local 
road  purposes  and  in  the  laws  recently 
enacted  and  proposed  to  give  super- 
visory control  over  such  roads  to  the 
State  highway  departments. 

On  all  roads,  and  especially  the  im- 
portant routes  included  in  the  Federal- 
aid  system,  solution  of  the  problems 
raised  by  the  increased  traffic  is  not 


provided  merely  by  the  building  of 
higher  types  of  surfaces.  A  general 
widening  of  the  surfaces  is  also  re- 
quired, and,  in  view  of  the  greater 
speeds  now  customary  and  legally  per- 
missible, the  easing  and  supereleva- 
tion of  curves,  the  cutting  away  of 
banks  which  obscure  vision,  and 
other  improvements  in  detail  which 
contribute  to  safety.  The  elimination 
of  dangerous  railroad  grade  crossings 
is  an  expensive  but  urgently  required 
improvement,  and  on  the  more  densely 
traveled  roads  it  is  already  desirable 
to  separate  tlie  grades  of  intersecting 
highways. 

For  the  accomodation  of  heavy 
traffic  the  general  types  of  pavement 
that  have  been  developed  have  proved 
satisfactory.  There  is  constant  need, 
however,  for  improvement  in  the  de- 
tails of  design  and  construction,  not 
only  to  increase  their  strength  and 
durability,  but  also  to  reduce  costs 
and  insure  uniform  excellence  of  con- 
struction. One  of  the  notable  recent 
im])rovements  in  the  design  of  con- 
crete pavements  is  the  use  of  a  raised 
edge  which  both  strengthens  the  edge 
of  the  pavement  and  sei*ves  to  prevent 
the  dangerous  and  costly  wearing 
down  of  shoulders. 

In  the  construction  of  concrete  pave- 
ments it  is  found  also  that  much  more 
uniform  results  are  obtained  by  pro- 
portioning the  fine  and  coarse  aggre- 
gates by  weight  and  by  taking  special 
precautions  to  maintain  a  uniform 
size  grading  of  the  coarse  aggregate. 
This  improvement  has  not  yet  been 
adopted  by  all  State  highway  depart- 
ments, but  the  bureau  is  taking  every 
opportunity  to  impress  its  desirability 
upon  those  that  have  not  yet  adopted 
it,  and  will  probably  insist  upon  it  in 
the  projects  undertaken  hereafter. 

For  the  roads  that  serve  a  somewhat 
lighter  traffic  the  method  of  construct- 
ing a  dustless,  and  relatively  wear-re- 
sisting surface  by  mixture  of  bitumi- 
nous material  with  fine  crushed  stone 
in  place  on  the  road  continues  to  give 
very  satisfactory  results. 

BRIDGE  CONSTRUCTION 

The  bridges  completed  during  the 
year,  with  their  approaches,  have  an 
aggregate  length  of  43.6  miles.  The 
bridges  under  construction  and  ap- 
proved for  construction  at  the  end  of 
the  year  have,  with  their  approaches, 
a  total  length  of  60.1  miles. 

Including  the  structures  just  com- 
pleted,   the    Federal-aid    bridges    now 
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standing    liav.-    a    total    length,    with 
their  approaches  of  266.9  miles. 

A  list  of  the  bridges  completed  dur- 
ing tlie  year  which  cost  $75,000  or 
more  is  given  in  Table  13.  These,  the 
longest  and  most  expensive  of  the 
projects     completed,    vary     in     length 


from  about  a  tenth  of  a  mile  to  up- 
wards of  2  miles,  and  have  an  aggre- 
gate length,  with  their  approaches,  of 
16.3  miles.  The  rest  of  the  mileage 
completed  is  made  up  of  numerous 
smaller  and  less  expensive  bridges,  all 
more  than  20  feet  in  span. 


Table  13. — Federal-aid  bridges  completed  during  the  fiscal  year  1929  at  a  cost 

of  $75,000  or  more  each 


state 


Location 


Arkansas At  Dardanelle. 

Do At  Batesville 

Do Between  Batesville  and  Tina 

Do At  Marked  Tree 

California Between  Califa  and  Fresno. 

Do j  Near  Orick 

Do Near  French  Camp  on  Tlaywards- 

!      French  Camp  Road. 

Colorado I  Near  Swink  or  Pueblo-La  Junta 

I      Highway. 

Connecticut '  At  Saybrook- - 


Do Between  Qroton  and  Preston 

Do Between  Watertown  and  Thomas- 

I      ton. 


Do ■  At  Windsor  Locks. 


Floiida Between  Jacksonville  and  Kings- 
land,  Ga. 

Between  Idaho  Falls  and  Irwin.. 

Between  Petersburg  and  Wash- 
ington. 

Near  Shelbiana 


Idaho.. 
Indiana 


Kentucky. 


Louisiana '  At  Clayton 

Do !  Between  New  Orleans  and  Slidell. 

Michigan At  Adrian 


Minnesota '  Trunk  No.  5,  near  Shakopee 

Missouri ;  Between  Chillicothe  and  Utica... 

New  Mexico Near  Albuquerque  on  Albuquer- 

que-Isleta  Road. 
Do. At  Las  Cruces 


New  York !  Between  Moscow  and  Geneseo — 

North  Carolina.  _!  At  Washington 

North  Dakota At  Chaloner's  Ferry.. 

Ohio At  Ashtabula. 

Oklahoma... 
Do 


Oregon 

Pennsylvania 

South  Carolina... 

Do 


Do. 
Do. 


Tennessee. 


Do. 
Texas.. 


Do 

Virginia 

West  Virginia 


Between  Snyder  and  Altus.. 

Between  Shawnee  and  Seminole 

County  line. 
At  Springfield 

On  Tionesta-Irvme  Road 

Between  Newberry  and  Winns- 
boro. 

Between  Georgetown  and  McClel- 
lanville. 

Between  Whitmire  and  Chester... 

Between  Columbia  and  New 
Brookland. 

Between  Memphis  and  Browns- 
ville. 

Between  Dyersburg  and  Ripley... 

Near  Houston  on  State  Highway 
route  No.  3. 

Between  Vernon  and  Quanah 

At  Courtland 

At  Cotton  Hill  Station.. 


Stream  or  railroad 


Arkansas  River 

White  River 

Ramsey  Bottoms 

St.  Francis  River 

San  Joaquin  River 

Redwood  Creek 

San  Joaquin  River 

Underpass,  Atchison,  Topeka 
&  Santa  Fe  Railroad. 

Overhead  bridge  over  New 
York,  New  Haven  &  Hart- 
ford Railroad. 

Poquetanock  Cove 

Over  Naugatuck  River,  trolley 
tracks  and  New  York,  New 
Haven  &  Hartford  Railroad. 

Bridge  over  New  York,  New 
Haven  &  Hartford  Railroad. 

St.  Marys  River 

Snake  River 

East  Fork  of  the  White  River. 

Levisa  Fork  of  Big  Sandy 
River  and  Chesapeake  & 
Ohio  Railroad. 

Tensas  River 

The  Rigolets 

Underpass,  Detroit,  Toledo  & 
Ironton  Railroad. 

Minnesota  River 

Grand  River 

Rio  Grande  River 

Viaduct  over  Atchison,  To- 
peka &  Santa  Fe  Railroad. 

Genesee  River 

Pamlico  River 

Little  Missouri  River 

Ashtabula  River 

North  Fork  of  Red  River 

North  Canadian  River 

Willamette  River 

Allegheny  River 

Broad  River 

Santee  River 

Broad  River 

Congaree  River. 

Wolf  River. 

South  Forked  Deer  River 

San  Jacinto  River.. 

Pease  River 

Nottoway  River 

Over  Chesapeake  &  Ohio  Rail- 
road and  New  River. 


Esti- 
mated 
total 
cost 


Length 
of  bridge 

and  ap- 
proaches 


$587,  600 
348,  200 
216,  500 
128, 600 
207,  600 
91, 000 
227,  400 

85,  900 

108,  600 


189,300  I 
357,500  \ 


120,  300 
188,  200 


84,  500 
202, 700 


100,  800 


161,  200 
122, 900 
90,  200 

144,300 
131,  600 
137,  700 

99, 100 

102, 900 
210,  500 
101, 200 
388, 900 
238, 100 
93,  300 

158, 700 
165, 700 
182, 900 

361,  300 

126,  200 
531,  200 

156,  900 

140, 400 
110, 100 

114,  500 
89, 200 
160, 000 


Miles 
0.4 


.1 

2.2 

.2 

.1 
.3 
.5 

.2 

.1 
.2 
.1 
.3 
.4 


.5 
.1 
.3 

2.2 

.3 
.3 
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EFFECT    OF    RECENT    FEDERAL    LEGIS- 
LATION 

The  amendment  of  the  Federal  high- 
way act  approved  May  21,  1928,  pro- 
vides that  in  the  case  of  any  State 
containing  unappropriated  public  lands 
and  nontaxable  Indian  lands  exceed- 
ing ft  per  cent  of  the  total  land  area 
of  the  State  in  which  the  population 
does  not  exceed  10  per  square  mile,  the 
Secretary  of  Agriculture  may  increase 
the  share  payable  by  the  United  States 
up  to  and  including  the  whole  cost  of 
projects  on  the  Federal-aid  primary 
system  and  of  projects  on  the  second- 
ary system  when  the  latter  is  a  con- 
tinuation of  a  route  of  the  primary 
system  or  directly  c  »nnects  with  a 
route  of  the  primary  system  of  an  ad- 
joining State,  It  is  further  provided 
that  where  the  Federal  expenditure 
upon  such  projects  exceeds  the  ordi- 
nary maximum  pro  rata,  the  State 
must  expend  upon  some  other  project 
or  projects  on  the  Federal-aid  system, 
within  the  same  year  and  under  the  di- 
rection of  the  Secretary  of  Agricul- 
ture, the  amount  it  would  otherwise 
have  been  required  to  expend  upon 
the  project  or  projects  to  which  addi- 
tional aid  is  granted  under  the  provi- 
sions of  the  amendment. 


This  amendment  has  been  in  effect 
througliout  the  fiscal  year  1929.  No 
State  highway  department  has  yet  re- 
quested an  increase  in  the  share  of 
the  Federal  Government  payable  on 
any  project. 

Section  3  of  the  amendment  approved 
May  21,  1928,  provides  that  the  sys- 
tem of  Federal-aid  highways  on  which 
Federal  funds  may  be  expended  in  any 
State  may  exceed  7  per  cent  of  the 
total  highway  mileage  of  the  State  by 
the  amount  of  the  mileage  on  the  sys- 
tem within  national  forest,  Indian,  or 
other  Federal  reservations  in  the  State. 

Following  the  passage  of  this  amend- 
ment the  several  State  highway  de- 
partments were  called  upon  to  sub- 
mit a  statement  of  the  mileage  on 
the  system  within  Federal  reserva- 
tions. These  statements  have  been 
received  from  all  but  two  States— Ten- 
nessee and  Georgia — affected  by  the 
amendment,  and  all  that  have  been 
received  have  been  approved  by  the 
Secretary  of  Agriculture  with  the  ex- 
ception of  six  which  are  noted  in  Table 
14.  The  mileages  reported  for  the  other 
24  States  and  Hawaii  listed  in  the  lat- 
ter table  are  those  agreed  upon  and 
represent  the  am  >unt  by  which  the  7 
per  cent  mileage  may  be  exceeded  in 
accordance  with  the  amendment. 


Table  14. — Mileage  on  Federal-aid  liiglnvay  system  xoith'm  Federal  reservations, 
l)eing  the  amounts  hy  i:hich  the  7  per  cent  mileage  may  t)e  exceeded  in  each 
State  or  Territory 


State 

Mileage  of 

Federal-aid 

system 

within 

Federal 

reservations 

State 

Mileage  of 

Federal-aid 

system 

within 

Federal 

reservations 

State 

Mileage  of 

Federal-aid 

system 

within 

Federal 

reservations 

State 

Mileage  of 

Federal-aid 

system 

within 

Federal 

reservations 

Ariz 

Ark 

219. 70 

119.  70 

457.  00 

363.  50 

368.  90 

2.00 

4.50 

14.70 

Ky 

Me.i 

Mich 

Minn 

Mont 

Nebr.i 

Nev  .     -  __ 

6.00 
4.50 
26.50 
74.80 
800.  82 
11.25 
26.25 

N.  Mex.... 

N.  Y.i 

N.  C 

N.  Dak..- 

Okla 

Oreg 

Pa 

348.  58 
16.47 

159.  34 
23.39 
16.25 

360. 10 
79.46 

450.  50 

Utah 

Va. 

68.90 
30.72 

Calif 

Colo 

Idaho 

Iowa  1 

111 

Wash 

W.  Va 

Wis 

Wyo 

T.  H 

349.69 
29.06 
45.50 

271.90 
4.35 

Kans 

N.  H.i 

33.42 

S.  Dak 

1  Approval  of  reported  mileage  by  Secretary  of  Agriculture  pending.    All  other  mileages  reported  have 
been  approved. 


The  Federal  highway  act  provided 
that  before  any  project  submitted  in 
accordance  therewith  should  be  ap- 
proved by  the  Secretary  of  Agriculture 
for  any  State,  the  State  should  make 
provision  for  State  funds  under  the 
direct  control  of  the  State  highway  de- 
partment in  the  amount  required  each 
year  of  the  State  for  construction,  re- 
construc.ion,  and  maintenance  of  Fed- 
eral-aid   highways    within    the    State. 


At  the  time  the  act  was  passed  there 
were  certain  States,  the  existing  con- 
stitution or  laws  of  which  would  not 
permit  the  State  to  provide  revenues 
for  highway  purposes  as  required ;  and 
in  recognition  of  this  condition  the 
I'ederal  law  authorized  the  Secretary 
of  Agriculture  to  continue  to  approve 
projects  for  such  States  until  three 
years  after  the  passage  of  the  act, 
\\hich  was  approved  November  9,  1921. 
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By  subsequent  amendments  the  full 
fffectivenos.s  of  tlie  requirement  of  the 
original  act  was  three  times  deferred, 
the  last  amendment  permitting  ap- 
proval of  projects  submitted  under  the 
appropriations  authorized  for  the  fiscal 
year  1029.  The  act  of  May  2(5,  1928. 
auihorizing  appropriations  for  the  fis- 
cal years  1030  and  1931  did  not  further 
extend  the  authority  of  the  Secretary 
to  waive  the  requirement  of  the  orig- 
inal act.  Consequently,  air  States  will 
be  expected  to  comply  with  the  require- 
ment on  all  projects  involving  the  use 
of  funds  authorized  to  be  appropriated 
for  the  fiscal  j^ear  1930  and  subsequent 
fiscal  years. 

TREE  PLANTING  ON  FEDERAL-AID  HIGH- 
WAYS 

The  passage  of  the  first  year  since 
the  amendment  of  the  law  authorizing 
Federal  participation  in  the  cost  of 
planting  shade  trees  along  routes  of 
the  Federal-aid  system  has  brought  no 
proposal  to  that  end  from  any  State 
liighway  department.  A  number  of 
States  had  already  developed  plans  and 
begun  such  work  along  effective  lines 
prior  to  the  adoption  of  the  Federal 
hiw.  and  their  experiences  indicates 
that  the  results  are  well  worth  the 
moderate  expenditure  entailed. 

Through  its  monthly  publication, 
Public  Roads,  which  is  circulated 
widely  among  State  highway  officials 
the  bureau  has  published  reports  of 
the  methods  employed  and  results  ob- 
tained in  the  splendid  work  of  this 
charactiT  as  carried  on  by  the  Massa- 
chusetts Department  of  Public  Works, 
and  informative  articles  with  regard  to 
the  practice  of  other  State  departments 
will  be  published  from  time  to  time. 

Inquiries  received  during  the  year 
from  State  highway  departments,  civic 
associations,  and  individuals  indicate 
that  there  is  considerable  interest  in 
the  possible  utilization  of  Federal  aid 
for  such  plantings  as  a  means  of  im- 
]n-oving  the  appearance  of  the  road- 
sides and  enhancing  the  pleasure  and 
comfort  of  travelers.  Dctibtless,  there 
is  at  present  in  many  States  more 
pressing  need  to  devote  all  available 
fui  ds  to  other  more  utilitarian  pur- 
poses ;  and  States  that  now  find  it 
feasible  to  develop  and  carry  out  a 
systematic  program  of  roadside  beauti- 
fication  may  prefer  in  some  instances 
to  use  other  than  Federal  funds  for 
the  purpose. 

The  department  shotild  not  encour- 
age expenditure  for  this  purpose  when 


to  do  so  would  mean  the  deferment  of 
other  more  necessary  improvements, 
and  need  not  urge  the  employment  of 
Federal  aid  if  the  States  prefer  to  de- 
pend upon  their  own  revenues;  but  the 
planting  of  suitable  trees  and  shrub- 
bery along  all  sections  of  the  Fedei*al- 
aid  system  where  such  growth  can  be 
maintained  should  be  regarded  as  a 
necessary  eventual  step  in  the  im- 
provement of  the  system. 

In  this  one  respect  the  roads  of  the 
United  States  are  as  yet  inferior  to 
the  highways  of  Europe.  We  have 
had  too  little  regard  for  their  appear- 
ance. Their  greatest  use  is  by  those 
seeking  pleasure  and  recreation  by 
travel.  To  many  such  users  a  pleasant 
roadside  pro.spect  means  as  much  as  a 
smooth  surface^  and  easy  grades.  The 
satisfaction  of  this  Instinctive  desire 
for  beauty  is  an  object  that  should  no 
longer  be  ignored  in  our  public  works, 
and  especially  in  the  improvement  of 
our  highways.  The  department  should 
lend  its  encouragement  and  offer  its 
aid  in  every  possible  way  toward  this 
desirable  end. 

FEDERAL     FUNDS     APPORTIONED     AND 
OBLIGATED 

For  the  fiscal  year  1929  the  Federal- 
aid  appropriation  authorized  was 
again  $75,000,000.  This  sum,  less  21/2 
per  cent  deducted  for  Federal  adminis- 
tration and  highway  research,  was  ap- 
portioned among  the  several  States 
and  the  Tei-ritory  of  Hawaii  on  De- 
cember 1,  1927.  The  total  amount  ap- 
portioned was  $73,125,000,  and  the 
amounts  credited  to  each  State  are 
shown  in  Table  28. 

As  pointed  out  in  the  last  annual  re- 
port, the  appropriations  authorized  for 
several  years  past  in  the  amount  of 
$75,000,000  have  been  exceeded  each 
year  by  the  obligations  undertaken. 
This  was  possible  in  the  beginning  by 
reason  of  a  large  unobligated  balance 
carried  over  from  the  earlier  years, 
when  obligations  lagged  behind  the 
rate  of  appropriation.  By  June  30, 
1927,  these  funds  unobligated  during 
the  fiscal  year  for  which  they  were 
authorized  had  been  finally  absorbed, 
and  the  fiscal  year  1928  opened  with 
an  unobligated  balance  nearly  $3,000,- 
000  less  than  the  apportionment  for 
the  year. 

This  balance  was  rapidly  absorbed 
by  new  projects,  and  when  the  author- 
ization for  the  fiscal  year  1929  was  ap- 
portioned the  State  highway  depart- 
ments,  taking   advantage  of  the  pro- 
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vision  of  the  law  which  permits  the 
allotment  of  the  apportioned  funds 
prior  to  the  beginning  of  the  fiscal 
year  for  which  they  are  apportioned, 
submitted  projects  to  be  paid  for  with 
the  newly  apportioned  funds  as  soon 
as  they  became  available.  As  a  conse- 
quence, the  unobligated  balance  of  all 
apportioned  funds,  including  the  ap- 
portionment for  the  fiscal  year  1929, 
was  only  $53,643,770.45.  In  other 
words,  there  had  already  been  obli- 
gated, before  the  beginning  of  the  fis- 
cal year  1929,  nearly  $20,000,000  of  the 
^73.125,000  authorized  for  the  year. 

The  purpose  of  the  provision  of  the 
law  which  permits  the  allotment  of 
authorized  funds  approximately  six 
months  before  the  date  when  they  be- 
come expendable  was  to  enable  the 
State  highway  departments  to  com- 
plete all  necessary  preliminary  work 
such  as  the  preparation  of  detailed 
plans,  advertising  for  bids,  and  the  ex- 
ecution of  contracts,  and  be  ready  to 
begin  actual  construction  on  the  new 
year's  program  promptly  at  the  begin- 
ning of  the  year.  No  payment  of  the 
funds  obligated  may  be  made  before 
the  beginning  of  the  fiscal  year,  how- 
ever ;  and  it  is  not  intended  that  the 
provision  of  the  law  shall  be  used  to 
carry  on  a  construction  program  of 
greater  magnitude  than  the  annual  au- 
thorizations will  provide  for.  The  pxu'- 
pose  is  to  provide  for  the  maintenance 
of  a  continuous  program  uninterrupted 
at  the  beginning  of  each  fiscal  year  by 
the  necessity  of  letting  contracts,  etc., 
after  the  money  is  actually  available. 

When  a  sufficient  amount  of  work 
has  been  arranged  for  prior  to  the  be- 
ginning of  the  fiscal  year  to  permit  of 
continuous  operation  nothing  is  to  be 
gained  by  further  anticipation  of  the 
newly  available  authorization. 

This  point  has  now  been  reached 
and,  as  shown  by  Table  15,  the  funds 
obligated  during  the  fiscal  year,  for 
the  first  time  since  1923,  are  within 
the  sum  apportioned.  The  year's  ex- 
penditure, $82,097,380.38,  as  shown  by 
Table  28,  is  still  in  excess  of  the  rate 
of  authorization,  and  it  may  be  ex- 
pected that  this  condition  will  exist 
for  a  year  or  two  longer  since  there  is 
a  normal  interval  of  from  one  to  two 
years  between  obligation  and  expendi- 
ture of  the  money.  But  the  point  has 
now  definitely  been  reached  at  which, 
unless  there  is  immediate  increase  in 
the  appropriations  authorized,  the  rate 
of  construction   of  Federal-aid  roads. 


maintained  for  several  years  past,  will 
be  curtailed. 

COST  OF  THE  ROADS 

The  total  cost  of  the  7,402.3  miles 
of  initial  construction  and  the  1,987.7 
miles  of  stage  construction  completed 
during  the  year  was  $195,298,168.25, 
of  which  the  Federal  Government  paid 
$82,736,878.92,  or  42  per  cent,  and  the 
States  the  balance.  These  expendi- 
tures were  made  over  the  period  re- 
quired to  construct  the  roads  brought 
to  completion  during  the  year,  which 
was  approximately  two  years.  Dur- 
ing the  same  jieriod  additional  ex- 
penditures were  made  uix)n  other  proj- 
ects under   construction. 

The  actual  disbursement  of  Federal 
funds  during  the  year  was  $82,097,- 
380.38,  as  shown  in  Table  28.  This 
was  slightly  over  a  million  dollars 
more  than  the  expenditures  of  the  pre- 
vious year. 

Table  15. — Federal-aid  funds  appor- 
tioned to  the  States  and  obligated 
by  them  for  the  fiscal  years  1923  to 
J9:29,  liiGltisive 


Fiscal  year 

Apportioned 
amount  of 

appropriation 
authorized 
for  the  year 

Amount  of 
Federal-aid 
funds  obli- 
gated during 
the  year 

1923 

$48,  750, 000 
63,  375, 000 
73, 125, 000 
73, 125,  000 
73, 125, 000 
73, 125, 000 
73, 125, 000 

$77, 461, 559 

1924 

89, 866, 864 

1925 

87, 294, 396 

1926 

79,  608,  897 

1927 

77, 453. 046 

1928 

88, 922, 185 

1929 

70, 428, 896 

Total 

477,  750, 000 

571,  035, 843 

Average 

68,  250, 000 

81,  576,  549 

The  largest  disbursements  during 
the  year  were  made  to  California,  Illi- 
nois, Michigan,  New  York,  Ohio,  Penn- 
sylvania, and  Texas.  To  each  of  these 
States  the  Federal  Government  paid 
during  the  year  more  than  $3,000,000. 
All  other  States  received  less  than  that 
amount. 

SUMMARY  OF  FEDERAL-AID  ROAD  WORK, 
BY  STATES 

The  progress  made  in  each  of  the 
States  during  the  year  and  thei  results 
of  the  13  years  of  Federal-aid  road 
construction  are  set  forth  in  the  fol- 
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lowing  condensed  summary  for  each 
State. 

ALABAMA 

The  Federal-aid  highway  system  in- 
cludes 3,884  miles.  After  deduction  of 
5.5  miles  improved  prior  to  1921  and 
not  included  in  the  system,  the  total 
mileage  now  classified  as  improved 
with  Federal  aid  is  1,960.7,  of  which 
183.5  miles  were  added  during  the 
year.  At  the  close  of  the  year  245.7 
miles  were  under  construction  and  6.4 
miles  were  approved  for  construction. 

The  mileage  improved  with  Federal 
aid  consists  of  143  miles  of  graded  and 
drained  earth  roads,  534.1  miles  of 
sand-clay,  912.5  miles  of  gravel,  11.6 
miles  of  water-bound  macadam,  74.1 
miles  of  bituminous  macadam,  87.6 
miles  of  bituminous  concrete  and  189.9 
miles  of  Portland  cement  concrete,  in 
addition  to  which  there  are  bridges 
and  their  approaches  with  a  total 
length  of  7.9  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 68.2  miles  of  stage  construc- 
tion, was  $4,293,128.01,  of  which  the 
Federal  share  was  $2,072,634.60.  The 
disbursement  of  Federal  funds  to  the 
State  was  $1,627,208.67.  The  unobli- 
gated balance  available  on  June  30. 
1929,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$2,243,381.25. 

ARIZONA 

The  Federal-aid  highway  system  in- 
cludes 1,498  miles.  A  total  of  887.9 
miles  has  been  iimproved  with  Federal 
aid,  of  which  66.1  miles  were  added 
during  the  year.  At  the  close  of  the 
year  130.6  miles  were  under  construc- 
tion. 

The  mileage  improved  with  Federal 
aid  consists  of  181  miles  of  graded 
and  drained  earth  roads,  101.1  miles 
of  sand-clay,  426.4  miles  of  gravel,  14.2 
miles  of  water-bound  macadam,  13.6 
miles  of  bituminous  macadam,  38.1 
miles  of  bituminous  concrete,  and  109.4 
miles  of  Portland  cement  concrete,  in 
addition  to  which  there  are  bridges  and 
their  approaches  with  a  total  length  of 
4.1  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 24  miles  of  stage  construction, 
vpas  $1,364,000.35,  of  which  the  Fed- 
eral share  was  $892,597.99.  The  dis- 
bursement of  Federal  funds  to  the 
State  was   $1,309,267.51.     The  unobli- 


gated balance  available  on  June  30, 
1929,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$2,653,890.02. 

ARKANSAS 

The  Federal-aid  highway  system  in- 
cludes 5,019.4  miles.  After  deduction 
of  35.2  miles  improved  prior  to  1921 
and  not  included  in  the  system,  the 
total  mileage  now  classified  as  im- 
proved with  Federal  aid  is  1,745.1, 
of  which  108.7  miles  were  added  dur- 
ing the  year.  At  the  dose  of  the  year 
109.4  miles  were  under  construction 
and  25.3  miles  were  approved  for  con- 
struction. 

The  mileage  improved  with  Federal 
aid  consists  of  64.5  miles  of  graded  and 
drained  earth  roads,  3  miles  of  sand- 
clay.  1,118.5  miles  of  gravel,  48.3  miles 
of  water-bound  macadam,  109.1  miles 
of  bituminous  macadam,  256.3  miles 
of  bituminous  concrete,  and  139  miles 
of  Portland  cement  concrete,  in  addi- 
tion to  which  there  are  bridges  and 
their  approaches  with  a  total  length 
of  6.4  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year  was 
$2,741,801.31,  of  which  the  Federal 
.>^hare  was  $1,325,478.27.  The  disburse- 
ment of  Federal  funds  to  the  State 
was  $1,377,002.44.  The  unobligated 
balance  available  on  June  30,  1929,  of 
all  appropriations  authorized  and  ap- 
portioned up  to  that  date  was  $2,104,- 
522.21. 

CALIFORNIA 

The  Federal-aid  highway  system  in- 
cludes 4,781  miles.  A  total  of  1,625.6 
miles  has  been  improved  with  Federal 
aid,  of  which  171.7  miles  were  added 
during  the  year.  At  the  close  of  the 
year  275.3  miles  were  under  construc- 
tion and  31.6  miles  were  approved  for 
construction. 

The  mileage  improved  with  Federal 
aid  consists  of  337.7  miles  of  graded 
and  drained  earth  roads,  398.4  miles 
of  gravel,  24.1  miles  of  water-bound 
macadam,  95.6  miles  of  bituminous 
macadam,  165.1  miles  of  bituminous 
concrete,  and  596.9  miles  of  Portland 
cement  concrete,  in  addition  to  which 
there  are  bridges  and  their  approaches 
with  a  total  length  of  7.8  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 9.3  miles  of  stage  construction, 
was  $6,650,687.38,  of  which  the  Fed- 
eral share  was  $3,228,015.10.     The  dis- 
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bursement  of  Federal  funds  to  the 
State  was  $3,433,055.14.  The  unobli- 
gated balance  available  on  June  30, 
1920,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$821,207.18. 

COLORADO 

The  Federal-aid  highway  system  in- 
cludes 3,332  miles.  A  total  of  1,137.4 
miles  has  been  improved  with  Federal 
aid,  of  which  175.1  miles  were  added 
during  the  year.  At  the  close  of  the 
year  155.4  miles  were  under  constnic- 
tion  and  25.8  miles  were  approved  for 
construction. 

The  mileage  improved  with  Federal 
aid  consists  of  232.4  miles  of  graded 
and  drained  earth  roads.  96.2  miles  of 
sand-clay.  480.8  miies  of  gi-avel,  5.3 
miles  of  water-bound  macadam,  13 
miles  of  bituminous  concrete,  and 
298.8  miles  of  Portland  cement  con- 
crete, in  addition  to  which  there  are 
biidges  and  their  approaches  with  a 
total  length  of  10.9  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 14.8  miles  of  stage  construc- 
tion, was  .$5,105,451.40,  of  which  the 
Federal  share  was  $2,593,610.46.  The 
di'-bursement  of  Federal  funds  to  the 
State  was  81,803.610.66.  The  unobli- 
gated balance  available  on  June  30, 
1929.  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$1,673,794.83. 

CONNECTICUT 

The  Federal-aid  highway  system  in- 
cludes 835.4  miles.  A  total  of  229.3 
miles  has  been  improved  with  Federal 
aid,  of  which  22.8  miles  were  added 
during  the  year.  At  the  close  of  the 
year  12.5  miles  were  under  construc- 
tion and  8  miles  were  approved  for 
constniction. 

The  mileage  improved  with  Federal 
aid  consists  of  0.2  mile  of  gravel,  17.4 
miles  of  watei'-bound  macadam.  28.7 
miles  of  bituminous  macadam,  0.6  mile 
of  l)ituminous  concrete,  and  178.5  miles 
of  Portland  cement  concrete,  in  addi- 
tion to  which  there  are  bridges  with  a 
total  length  of  3.9  miles. 

The  total  cost  of  all  Federal-aid 
roads  complete<l  during  the  year,  in- 
cluding 0.1  mile  of  stage  construction, 
was  $2,181,298.64.  of  which  the  Fed- 
eral share  was  $606,132.05.  The  dis- 
bui-sement  of  Federal  funds  to  the 
State  was  $1,059,461.12.  The  unobli- 
gated balance  available  on  June  30. 
1929.  of  all  appropriations  authorized 


and  apportioned  up  to  that  date  was 
$558,722.80. 

DELAWARE 

The  Federal-aid  highway  system  in- 
cludes 485.9  miles.  A  total  of  212.9 
miles  has  been  improved  with  Federal 
aid,  of  which  13.4  miles  were  added, 
during  the  year.  At  the  close  of  the 
year  15.7  miles  were  under  constnic- 
tion and  30.8  miles  were  approved  for 
construction. 

The  mileage  improved  with  Federal 
aid  consists  of  4.9  miles  of  water-bound 
macadam,  7  miles  of  bituminous  ma- 
cadam, 13.7  miles  of  bituminous  con- 
crete, 180.6  miles  of  Portland  cement 
concrete,  and  6.2  miles  of  brick,  in  ad- 
dition to  which  there  are  bridges  and 
their  approaches  with  a  total  length 
of  0.5  mile. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 3.9  miles  of  stage  construc- 
tion, was  $678,062.40.  of  which  the 
Federal  share  was  $198,900.72.  The 
disbur.sement  of  Federal  funds  to  the 
State  was  $142,185.23.  The  unobli- 
gated balance  available  on  June  30, 
1929.  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$47,336.16. 

FLORIDA 

The  Federal-aid  highway  system  in- 
cludes 1,926  miles.  A  total  of  449 
miles  has  been  improved  with  Federal 
aid,  of  which  63.6  miles  were  added 
during  the  year.  At  the  close  of  the 
year  96.6  miles  were  under  construc- 
tion. 

The  mileage  improved  with  Federal 
aid  consists  of  9.2  miles  of  graded  and 
drained  earth  roads,  15.5  miles  of 
sand-clay,  131.1  miles  of  water-bound 
macadam,  78.9  miles  of  bituminous 
macadam,  53.6  miles  of  bituminous 
concrete,  143.2  miles  of  Portland 
cement  concrete,  and  10.1  miles  of 
brick,  in  addition  to  which  there  are 
bridges  and  their  approaches  with  a 
total  length  of  7.4  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  vear  was 
$2,643,407.24.  of  which  the'  Federal 
share  was  $1,125,163.19.  The  disburse- 
ment of  Federal  funds  to  the  State 
was  $894,258.16.  The  unobligated  bal- 
ance available  on  June  30.  1929.  of  all 
appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $1,965,- 
926.62. 

GEORGIA 

The  Federal-aid  highway  system  in 
eludes     5.576.7     miles.       A     total     of 
2,564.6  miles  has  been  improved  with 
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Federal  aid,  of  which  113.6  miles  were 
added  during  the  year.  At  the  close 
of  the  year  200.8  miles  were  under 
construction  and  2.9  miles  were  ap- 
proved for  construction. 

The  mileage  improved  with  Federal 
aid  consists  of  217.4  miles  of  graded 
and  drained  earth  roads,  1.178.1  miles 
of  sand-clay,  390.7  miles  of  gravel, 
144.2  miles  of  water-bound  macadam, 
151.8  miles  of  bituminous  macadam, 
43.1  miles  of  bituminous  concrete, 
411.5  miles  of  Portland  cement  con- 
crete, and  0.5  mile  of  brick,  in  addi- 
tion to  which  there  are  bridges  and 
their  approaches  with  a  total  length 
of  27.3  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 45.2  miles  of  stage  construc- 
tion, was  $2,956,121.78,  of  which  the 
Federal  chare  was  $1,332,729.37.  The 
disbui'sement  of  Federal  funds  to  the 
State  was  $1,446,496.98.  The  unobli- 
gated balance  available  on  June  30, 
1929,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$2,018,492.49. 

IDAHO 

The  Federal-aid  highway  system  in- 
cludes 2,770  miles.  A  total  of  1,144.5 
miles  has  been  improved  with  Federal 
aid,  of  which  150.8  miles  were  added 
during  the  year.  At  the  close  of  the 
year  77.5  miles  were  under  construc- 
tion and  16.3  miles  were  approved  for 
construction. 

The  mileage  improved  with  Federal 
aid  consists  of  201.6  miles  of  graded 
and  drainetl  earth  roads,  6  miles  of 
sand-clay,  760.7  miles  of  gravel,  22.5 
miles  of  water-bound  macadam,  20.7 
miles  of  bituminous  macadam,  85  miles 
of  bituminous  concrete,  and  44.6  miles 
of  Portland  cement  concrete,  in  addi- 
tion to  which  there  are  bridges  and 
their  approaches  with  a  total  length  of 
3.4  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 66.5  miles  of  stage  construc- 
tion, was  $2,435,074.59,  of  which  the 
Federal  share  was  $1,441,742.26.  The 
disbursement  of  Federal  funds  to  the 
State  Avas  $1,270,906.07.  The  unobli- 
gated balance  available  on  June  30, 
1929,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$856,815.71. 

ILLINOIS 

The  Federal-aid  highway  system  in- 
cludes 6,618.5  miles.  A  total  of  1,888.6 
miles  has  been  improved  with  Federal 
aid,  of  which  203.2  miles  were  added 
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during  the  year.  At  the  close  of  the 
year  572.8  miles  were  under  construc- 
tion and  22.5  miles  were  approved  for 
construction. 

The  mileage  improved  with  Federal 
aid  consists  of  153.7  miles  of  graded 
and  drained  earth  roads,  0.4  mile  of 
giavel,  3.3  miles  of  bituminous  mac- 
adam, 8.1  miles  of  bituminous  concrete, 
1.695  miles  of  Portland  cement  con- 
crete, and  25.8  miles  of  brick,  in  addi- 
tion to  which  there  are  bridges  and 
their  approaches  with  a  total  length  of 
2.3  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year  was 
$6,121,046.35,  of  which  the  Federal 
share  was  $2,794,215.01.  The  dis- 
bursement of  Federal  funds  to  the 
State  was  $5,682,636.43.  The  unobli- 
gated balance  available  on  June  30, 
1929,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$2,642,000. 

INDIANA 

The  Federal-aid  highway  system  in- 
cludes 4.701.5  miles.  A  total  of  1,266.7 
miles  has  been  improved  with  Federal 
aid,  of  which  203.1  miles  were  added 
during  the  year.  At  the  close  of  the- 
year  275.9  miles  were  under  construc- 
tion and  35.3  miles  were  approved  for- 
construction. 

The  mileage  improved  with  Federal 
aid  con.sists  of  16.5  miles  of  graded 
and  drained  earth  roads,  42.2  miles  of 
gravel,  41.6  miles  of  water-bound 
macadam,  23.4  miles  of  bituminous 
macadam.  12  miles  of  bituminous  con- 
crete, 1,120.3  miles  of  Portland  cement 
concrete,  and  6.6  miles  of  brick,  in 
addition  to  which  there  are  bridges 
and  their  approaches  with  a  total 
length  of  4.1  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 3.5  miles  of  stage  construction,, 
was  $6,412,288.71,  of  which  the  Fed- 
eral share  was  $2,988,535.95.  The  dis- 
bursement of  Federal  funds  to  the 
State  was  $2,374,265.04.  The  unobli- 
gated balance  available  on  June  30, 
1929,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$134,519.81. 

IOWA 

The  Federal-aid  highway  system  in- 
cludes 7,212  miles.  A  total  of  3,009.1 
miles  has  been  improved  with  Federal 
aid,  of  which  123.1  miles  were  added 
during  the  year.  At  the  close  of  the 
year  135.7  miles  were  under  construe- 
tion  and  25.7  miles  were  approved 
for  construction. 
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The  mileage  improved  with  Federal 
aid  coiLsists  of  1,329  miles  of  graded 
and  drained  earth  roads,  616.6  miles 
of  gravel,  1,039.6  miles  of  Portland 
cement  concrete,  and  21.9  miles  of 
brick,  in  addition  to  which  there  are 
bridges  and  their  approaches  with  a 
total  length  of  2  miles. 

The  total  co.st  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 170.5  miles  of  stage  construc- 
tion, was  $7,457,609.97,  of  which  the 
Federal  share  was  $3,382,766.29.  The 
disbursement  of  Federal  funds  to  the 
State  was  $2,704,154.16.  All  appor- 
tionments to  the  State  up  to  June  30. 
1929,  had  been  fully  obligated. 

KANSAS 

The  Federal-aid  highway  system  in- 
cludes 7,917  miles.  After  deduction  of 
1.5  miles  improved  prior  to  1921  and 
not  included  in  the  system,  the  total 
mileage  now  classified  as  improved 
with  Federal  aid  is  2,539.4,  of  which 
338.6  miles  were  added  during  the 
.vear.  At  the  close  of  the  year  243.8 
miles  were  under  con.struction  and 
135.9  miles  were  approved  for  con- 
struction. 

The  mileage  improved  with  Federal 
aid  consists  of  1,033.6  miles  of  graded 
and  drained  earth  roads,  2S0.5  miles  of 
sand-clay,  236.2  miles  of  gravel,  4.5 
miles  of  water-bound  macadam,  125.5 
miles  of  bituminous  macadam,  3.4  miles 
of  bituminous  concrete,  678.8  miles  of 
Portland  cement  concrete,  and  163.3 
miles  of  brick,  in  addition  to  which 
there  are  bridges  and  their  approaches 
with  a  total  length  of  13.6  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 22.9  miles  of  stage  construc- 
tion, was  $5,335,022.24.  of  which  the 
Federal  share  was  $2,378,160.82.  The 
disbursement  of  Federal  funds  to  the 
State  was  $2,005,221.08.  The  unobli- 
gated balance  available  on  June  30, 
1929,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$1,144,315.96. 

KENTUCKY 

'The  Federal-aid  highway  system  in- 
r<-ludes  3,710  miles.  A  total  of  1.314.5 
jniles  has  been  improved  with  Federal 
fjid,  of  which  169.0  miles  were  added 
during  the  year.  At  the  close  of  the 
year  247.2  miles  were  under  construc- 
ition  and  40.3  miles  were  approved  for 
construction. 

The  mileage  improved  with  Federal 
aid  consists  of  625.3  miles  of  graded 
.and  drained  earth  roads,  253.8  miles 


of  gravel,  41.3  miles  of  water-bound 
macadam,  201.9  miles  of  bituminous 
macadam.  14.6  miles  of  bituminous  con- 
crete, 170.4  miles  of  Portland  cement 
concrete,  and  3.9  miles  of  brick,  in  ad- 
dition to  which  there  are  bridges  and 
their  approaches  with  a  total  length  of 
3.3  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year  was 
$3,749,994.06.  (>t  which  the  Federal 
share  was  $1,830,900.22.  The  disburse- 
ment of  Federal  funds  to  the  State  was 
$1,504,667.75.  The  unobligated  balance 
available  on  June  30,  1929,  of  all  ap- 
propriations authorized  and  appor- 
tioned up  to  that  date  was  $757,788.11. 

LOUISIANA 

The  Federal-aid  highway  system  in- 
cludes 2,V12.9  m  les.  After  deduction 
of  1.1  miles  improved  prior  to  1921  and 
not  included  in  the  system,  the  total 
mileage  now  classified  as  improved 
with  Federal  aid  is  1,321.4,  of  which 
46.5  miles  were  added  during  the  year. 
At  the  close  of  the  year  151.9  miles 
were  under  construction  and  0.2  mile 
was  approved  for  constrnetion. 

The  mileage  improved  with  Federal 
aid  consists  of  30.6  miles  of  graded 
and  drained  earth  roads,  1,194  miles 
of  gravel.  3.2  miles  of  water-bound 
macadam,  9.5  miles  of  bituminous  ma- 
cadam, 33.5  miles  of  bituminous  con- 
crete and  39.9  miles  of  Portland  ce- 
uient  concrete,  in  addition  to  which 
there  are  bridges  and  their  approaches 
with  a  total  length  of  10.7  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  dui-ing  the  year  was 
$1,240,120.23,  of  which  the  Federal 
.share  was  $611,432.56.  The  disburse- 
ment of  Federal  funds  to  the  State 
was  .$886,011.42.  The  unobligated  bal- 
ance available  on  June  30,  1929,  of  all 
appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $1,150,105.07. 

MAINE 

The  Federal-aid  highway  system  in- 
cludes 1,443.6  miles.  A  total  of  480.5 
miles  has  been  improved  with  Federal 
aid.  of  which  51.8  miles  were  added 
during  the  year.  At  the  close  of  the 
year  44.3  miles  were  under  construc- 
tion and  29.7  miles  were  approved  for 
construction. 

The  mileage  improved  with  Federal 
aid  consists  of  214.8  miles  of  gravel, 
8.6  miles  of  water-bound  macadam, 
107.6  miles  of  bituminous  macadam, 
and  88.9  miles  of  Portland  cement  con- 
crete, in  addition  to  which  there  are 
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bridges  and  their  approaches  with   a 
total  length  of  0.6  mile. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year  was 
$1,583,052.78,  of  which  the  Federal 
share  was  $&49,921.57.  The  disburse- 
ment of  Federal  funds  to  the  State 
was  $229,792.30.  The  unobligated  bal- 
ance available  on  June  30,  1929,  of 
all  appropriations  authorized  and  ap- 
portioned up  to  that  date  was 
$1,111,122.42. 

MARYLAND 

The  Federal-aid  highway  system  in- 
cludes 1,557.1  miles.  A  total  of  627.9 
miles  has  been  improved  with  Federal 
aid,  of  which  70.5  miles  were  added 
during  the  year.  At  the  close  of  the 
year  3.6  miles  were  under  construction 
and  39.3  miles  were  approved  for  con- 
struction. 

The  mileage  improved  with  Federal 
aid  consists  of  4.7  miles  of  graded  and 
drained  earth  roads,  31.5  miles  of 
gravel,  1.2  miles  of  water-bound  mac- 
adam, 235.7  miles  of  bituminous  mac- 
adam, 22.1  miles  of  bituminous  con- 
crete, and  332.7  miles  of  Portland 
cement  concrete. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 10.8  miles  of  stage  construc- 
tion, was  §1.847.190.79  of  which  the 
Federal  share  was  $815,265.86.  The 
disbursement  of  Federal  funds  to  the 
State  was  $712,060.20.  The  unobli- 
gated balance  available  on  June  30, 
1929.  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$213,725.37. 

MASSACHUSETTS 

The  Federal-aid  highway  system  in- 
cludes 1,308  miles.  After  deduction  of 
0.1  mile  improved  prior  to  1921  and 
not  included  in  the  system,  the  total 
mileage  now  classified  as  improved 
with  Federal  aid  is  570.7,  of  which  69.7 
miles  were  added  during  the  yeajr.  At 
the  close  of  the  year  91.1  miles  were 
under  construction  and  1.9  miles  were 
approved  for  construction. 

The  mileage  improved  with  Federal 
aid  consists  of  0.5  mile  of  gravel,  6.6 
miles  of  water-bound  macadam,  308.6 
miles  of  bituminous  macadam,  59.5 
miles  of  bituminous  concrete  and  191.5 
miles  of  Portland  cement  concrete,  in 
addition  to  which  there  are  bridges  and 
their  approaches  with  a  total  length  of 
4  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 0.2  mile  of  stage  construction. 


was  $3,087,998.38,  of  which  the  Federal 
share  was  $1,064,911.57.  The  disburse- 
ment of  Federal  funds  to  the  State 
was  $825,636.10.  The  unobligated  bal- 
ance available  on  June  30,  1929,  of  all 
appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $1,787,- 
319.03. 

MICHIGAN 

The  Federal-aid  highway  system  in- 
cludes 5,243  miles.  After  deduction  of 
20.9  miles  improved  prior  to  1921  and 
not  included  in  the  system,  the  total 
mileage  now  classified  as  improved 
with  Federal  aid  is  1,470.2,  of  which 
153.8  miles  were  added  during  the 
year.  At  the  close  of  the  year  251.3 
miles  were  under  construction  and  51.6 
miles  were  approved  for  construction. 

Tlie  mileage  improved  with  Federal 
aid  consists  of  10.5  miles  of  graded 
and  drained  earth  roads,  358.3  miles  of 
gravel,  16.3  miles  of  water-bound  ma- 
cadam. 10.4  miles  of  bituminous 
macadam,  69.5  miles  of  bituminous 
concrete,  1,002.8  miles  of  Portland 
cement  concrete,  and  0.4  mile  of 
brick,  in  addition  to  which  there  are 
bridges  and  their  approaches  with  a 
total  length  of  2  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 0.3  mile  of  stage  construction, 
was  $5,940,513.07,  of  which  the  Fed- 
eral .share  was  $2,405,266.86.  The  dis- 
bursement of  Federal  funds  to  the 
State  was  $3,090,670.12.  The  unobli- 
gated balance  available  on  June  30, 
1929,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$1,424,179.67. 

MINNESOTA 

The  Federal-aid  highway  system  in- 
cludes 6,884.5  miles.  After  deduction 
of  178.4  miles  improved  prior  to  1921 
and  not  included  in  the  system,  the 
total  mileage  now  classified  as  im- 
proved with  Federal  aid  is  3,872.6,  of 
which  257  miles  were  added  during  the 
year.  At  the  close  of  the  year  291 
miles  v\-ere  under  construction  and  74.7 
miles  were  approved  for  construction. 

The  mileage  improved  with  Federal 
aid  consists  of  852.2  miles  of  graded 
and  drained  earth  roads,  6.2  miles  of 
sand-clay,  2.261.5  miles  of  gravel.  32.7 
miles  of  bituminous  concrete  and  718.6 
miles  of  Portland  cement  concrete,  in 
addition  to  which  there  are  bridges 
and  their  approaches  with  a  total 
length  of  1.4  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 117.9  miles  of  stage  construe- 
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tion,  was  $8,303,728.19.  of  which  the 
Federal  share  was  $2,879,041.58.  The 
disbursement  of  Federal'  funds  to  the 
State  was  $2,216,048.53.  The  unobli- 
gated balance  available  on  June  30, 
1929,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$410,000. 

MISSISSIPPI 

The  Federal-aid  highway  system  in- 
cludes 3,632.1  miles.  A  total  of  1,656.5 
miles  has  been  improved  with  Fed- 
eral aid,  of  which  109.5  miles  were 
added  during  the  year.  At  the  close 
of  the  year  213.8  miles  were  under 
construction  and  12.9  miles  were  ap- 
proved for  construction. 

The  mileage  improved  with  Federal 
aid  consists  of  233.5  miles  of  graded 
and  drained  earth  rdads,  16.7  miles  of 
sand-clay,  1,158.3  miles  of  gravel,  11.1 
miles  of  water-bound  macadam,  1.5 
miles  of  bituminous  macadam,  10.4 
miles  of  bituminous  concrete,  208 
miles  of  Portland  cement  concrete, 
and  9.7  miles  of  brick,  in  addition  to 
which  there  are  bridges  and  their  ap- 
proaches, with  a  total  length  of  7.3 
miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 30.9  miles  of  stage  construc- 
tion, was  $1,750,251.06,  of  which  the 
Federal  share  was  $866,977.76.  The 
disbursement  of  Federal  funds  to  the 
State  was  $1,306,196.99.  The  unobli- 
gated balance  available  on  June  30. 
1929,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$1,361,970.25. 

MISSOURI 

The  Federal-aid  highway  system  in- 
cludes 7,530  miles.  A  total  of  2,278.1 
miles  has  been  improved  with  Fed- 
eral aid,  of  which  99.6  miles  were 
added  during  the  year.  At  the  close 
of  the  year  268  miles  were  under  con- 
struction and  16.5  miles  were  approved 
for  construction. 

The  mileage  improved  with  Federal 
aid  consists  of  387.5  miles  of  graded 
and  di'ained  earth  roads,  2.6  miles  of 
sand-clay,  796.6  miles  of  gravel,  3  miles 
of  water-bound  macadam,  44.8  miles  of 
bituminous  macadam,  17.7  miles  of 
bituminous  concrete,  994.9  miles  of 
Portland-cement  concrete,  and  20.9 
miles  of  brick,  in  addition  to  which 
there  are  bridges  and  their  approaches, 
with  a  total  length  of  10.1  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in 
eluding  64.2  miles  of  stage  construe- 


Federal  share  was  $1,545,883.79.  The 
disbursement  of  Federal  funds  to  the 
State  was  $2,422,487.79.  The  unobli- 
gated balance  available  on  June  30, 
1929,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$136,556.02. 

MONTANA 

The  Federal-aid  highway  system  in- 
cludes 4,690.5  miles.  After  deduction 
of  0.2  mile  improved  prior  to  1921 
and  not  included  in  the  system,  the 
total  mileage  now  classified  as  im- 
proved with  Federal  aid  is  1,538.9,  of 
which  244.2  miles  were  added  during 
the  year.  At  the  close  of  the  year 
362.3  miles  were  under  constniction 
and  166  miles  wer^  approved  for  con- 
struction. 

The  mileage  improved  with  Federal 
aid  consists  of  224.1  miles  of  graded 
and  drained  earth  roads,  5.6  miles  of 
sand-clay,  1,240.1  miles  of  gravel,  15.9 
miles  of  water-bound  macadam,  6.8 
miles  of  bituminous  macadam,  5.6 
miles  of  bituminous  concrete,  and  36 
miles  of  Portland  cement  concrete,  in 
addition  to  which  there  are  bridges 
and  their  approaches  with  a  total 
length  of  4.8  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 13.4  miles  of  stage  construc- 
tion, was  $2,836,700.85,  of  which  the 
Federal  share  was  $1,834,170.77.  The 
disbursement  of  Federal  funds  to  the 
State  was  $1,923,168.90.  The  unobli- 
gated balance  available  on  June  30, 
1929,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$3,613,761.84. 

NEBRASKA 

The  Federal-aid  highway  system  in- 
cludes 5.468.3  miles.  After  deduction 
of  0.2  mile  improved  prior  to  1921  and 
not  included  in  the  system,  the  total 
mileage  now  classified  as  improved 
with  Federal  aid  is  3,628.1,  of  which 
460.2'  miles  were  added  during  the 
year.  At  the  close  of  the  year  300.7 
miles  were  under  construction  and  54 
miles  were  approved  for  construction. 

The  mileage  improved  with  Federal 
aid  consists  of  566. 1  miles  of  graded 
and  drained  earth  roads,  2,129.1  miles 
of  sand-clay,  812.3  miles  of  gravel,  1.5 
miles  of  bituminous  macadam,  14.2 
miles  of  bituminous  concrete,  77  miles 
of  Portland  cement  concrete,  and  19.6 
miles  of  brick,  in  addition  to  which 
there  are  bridges  and  their  approaches 
with  a  total  length  of  8.2  miles. 

The    total    cost    of   all    Federal-aid 


tion,   was  $3,922,393.41,   of  which   the  I  roads  completed  during  the  year,  in- 
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eluding  182.5  miles  of  stage  construc- 
tion, was  $4,434,167.82,  of  which  the 
Federal  share  was  ,$2,140,403.77.  The 
disbursement  of  Fedei'al  funds  to  the 
State  was  $1,225,896.80.  The  unobli- 
gated balance  available  on  June  30, 
1929,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$2,539,681.66. 

NEVADA 

The  Federal-aid  highway  system  in- 
cludes 1,541  miles.  After  deduction  of 
less  than  0.1  mile  improved  prior  to 
1921  and  not  included  in  the  system, 
the  total  mileage  now  classified  as 
improved  with  Federal  aid  is  1,081.6, 
of  which  147  miles  were  added  during 
the  year.  At  the  close  of  the  year 
226.9  miles  were  under  construction 
and  0.6  mile  was  approved  for  con- 
struction. 

The  mileage  improved  with  Federal 
aid  consists  of  51.2  miles  of  graded 
and  drained  earth  roads,  9.7  miles  of 
sand-clay,  833.4  miles  of  gravel,  14.9 
miles  of  water-bound  macadam,  122.5 
miles  of  bituminous  macadam,  2  miles 
of  bituminous  concrete,  and  45.2  miles 
of  Portland  cement  concrete,  in  addi- 
tion to  which  there  are  bridges  and 
their  approaches  with  a  total  length 
of  2.7  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 60.8  miles  of  stage  construc- 
tion, was  $1,313,310.42,  of  which  the 
Federal  share  was  $1,120,157.11.  The 
disbursement  of  Federal  funds  to  the 
State  was  $863,467.12.  The  unobli- 
gated balance  available  on  June  30, 
1929,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$204,689.18. 

NEW  HAMPSHIRE 

The  Federal-aid  highway  system  in- 
cludes 980.9  miles.  A  total  of  332.7 
miles  has  been  improved  with  Federal 
aid,  of  which  28.1  miles  were  added 
during  the  year.  At  the  close  of  the 
year  13.5  miles  were  under  construc- 
tion and  6.5  miles  were  approved  for 
construction. 

The  mileage  improved  with  Federal 
aid  consists  of  99.2  miles  of  gravel.  70 
miles  of  water-bound  macadam,  92.4 
miles  of  bituminous  macadam,  32.4 
miles  of  bituminous  concrete,  and  34.6 
miles  of  Portland  cement  concrete,  in 
addition  to  which  there  are  bridges 
and  their  approaches  with  a  total 
length  of  4.1  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year  was 
$1,001,020.85,    of    which    the    Federal 


share  was  $409,954.34.  The  disburse- 
ment of  Federal  funds  to  the  State 
was  $365,278.82.  The  unobligated  bal- 
ance available  on  June  30,  1929,  of 
all  appropriations  authorized  and  ap- 
portioned up  to  that  date  was  $188,- 
125.54. 

NEW  JERSEY 

The  Federal-aid  highway  system  in- 
cludes 1,181.7  miles.  A  total  of 
462.6  miles  has  been  improved  with 
Federal  aid,  of  which  44.4  miles  were 
added  during  the  year.  At  the  close 
of  the  year  54.3  miles  were  under  con- 
struction and  8.7  miles  were  approved 
for  construction. 

The  mileage  improved  with  Federal 
aid  consists  of  8.9  miles  of  graded  and 
drained  earth  roads,  5.6  miles  of 
gravel,  22.3  miles  of  bituminous  con- 
crete, and  423.5  miles  of  Portland 
cement  concrete,  in  addition  to  which 
there  are  bridges  and  their  approaches 
with  a  total  length  of  2.3  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year  was 
$2,847,737.45,  of  which  the  Federal 
share  was  $659,548.27.  The  disburse- 
ment of  Federal  funds  to  the  State 
was  $768,902.44.  The  unobligated  bal- 
ance available  on  June  30,  1929,  of  all 
appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $625,470.08. 

NEW  MEXICO 

The  Federal-aid  highway  system  in- 
cludes 3,367.7  miles.  After  deduction 
of  9.9  miles  improved  prior  to  1921  and 
not  included  in  the  system,  the  total 
mileage  now  classified  as  improved 
with  Federal  aid  is  1,868.1,  of  which 
137.6  miles  were  added  during  the 
year.  At  the  close  of  the  year  137.6 
miles  were  under  construction  and  9 
miles  were  approved  for  construction. 

The  mileage  improved  with  Federal 
aid  consists  of  273.1  miles  of  graded 
and  drained  earth  roads,  5.1  miles  of 
sand-clay,  1,503.2  miles  of  gravel,  0.7 
mile  of  bituminous  concrete,  and  81.9 
miles  of  Portland  cement  concrete,  in 
addition  to  which  there  are  bridges 
and  their  approaches  with  a  total 
length  of  4.1  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 5.6  miles  of  stage  construction, 
was  $2,229,501.77,  of  which  the  Fed- 
eral share  was  $1,467,188.58.  The  dis- 
bursement of  Federal  funds  to  the 
State  was  $2,106,513.24.  The  unobli- 
gated balance  available  on  June  30, 
1929,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$1,153,455.48. 
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NEW  YORK 

The  Federal-aid  highway  system  in- 
cludes 5,451  miles.  After  deduction 
of  1.1  miles  improved  prior  to  1921 
and  not  included  in  the  system,  the 
total  mileage  now  classified  as  im- 
proved with  Federal  aid  is  2,182.7,  of 
which  318.9  miles  were  added  during 
the  year.  At  the  close  of  the  year 
343. G  miles  were  under  construction 
and  137.5  miles  were  approved  for 
construction. 

The  mileage  improved  with  Federal 
aid  consists  of  21.6  miles  of  graded 
and  drained  earth  roads.  4  6  miles  of 
sand-clay,  58.4  miles  of  gravel,  and 
361.7  miles  of  bituminous  macadam, 
12.6  miles  of  bituminous  concrete, 
1,721.2  miles  of  Portland  cement  con- 
crete, and  0.7  mile  of  brick,  in  addi- 
tion to  which  there  are  bridges  and 
their  approaches  with  a  total  length 
of  1.9  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 8.5  miles  of  stage  construction, 
was  $17,998,988.48,  of  which  the  Fed- 
eral share  was  $5,030,321.47.  The  dis- 
bursement of  Federal  funds  to  the 
State  was  $3,761,689.93.  The  unobli- 
gated balance  available  on  June  30, 
1929,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$4,295,740.58. 

NORTH  CAROLINA 

The  Federal-aid  higliway  system  in- 
cludes 3,944.4  miles.  A  total  of 
1,711.9  miles  has  been  improved  with 
Federal  aid,  of  which  125.6  miles  were 
added  during  the  year.  At  the  close 
of  the  year  87.6  miles  were  under  con- 
struction and  142  miles  were  approved 
for  construction. 

The  mileage  improved  with  Federal 
aid  consists  of  103.8  miles  of  gi-aded 
and  drained  earth  roads,  459.7  miles 
of  sand-clay,  63.6  miles  of  gravel,  19.6 
miles  of  water-bound  macadam,  37.9 
miles  of  bituminous  macadam,  249.5 
miles  of  bituminous  concrete,  and 
774.6  miles  of  Portland  cement  con- 
crete, in  addition  to  which  there  ai-e 
bridges  and  their  approaches  with  a 
total  length  of  3.2  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
eluding  25.6  miles  of  stage  construc- 
tion, was  $3,347,608.32,  of  which  the 
Federal  share  was  $1,558,571.88.  The 
disbursement  of  Federal  funds  to  the 
State  was  $1,716,874.85.  The  unobli- 
gated balance  available  on  June  30, 
1929,  of  all  appropriations  authorized 


and  apportioned  up  to  that  date  was 
$1,721,786.21. 

NORTH  DAKOTA 

Tlie  Federal-aid  highway  system  in- 
cludes 7,396.6  miles.  After  deduction 
of  7.1  miles  improved  prior  to  1921  and 
not  included  in  the  system,  tlie  total 
mileage  now  classified  as  improved 
with  Federal  aid  is  3,676.5,  of  which 

500.6  miles  were  added  during  the 
year.  At  the  close  of  the  year  620.7 
miles    were    under    construction    and 

124.7  miles  were  approved  for  con- 
struction. 

The  mileage  improved  with  Federal 
aid  consists  of  1,344.1  miles  of  graded 
and  drained  earth  roads,  2,313.4  miles 
of  gravel,  5.4  miles  of  water-bound 
macadam,  1.9  miles  of  bituminous  con- 
crete, and  4.7  miles  of  Portland  cement 
concrete,  in  addition  to  which  tliere 
are  bridges  and  their  approaclies  with 
a  total  length  of  7  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 331.3  miles  of  stage  construc- 
tion was  $2,965,387.55,  of  which  the 
Federal  share  was  $1,358,653.48.  The 
disbursement  of  Federal  funds  to  the 
State  was  $1,325,962.17.  The  unobli- 
gated balance  available  on  June  30, 
1929,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$982,621.03. 

OHIO 

The  Federal-aid  highway  system  in- 
cludes 5,899.3  miles.  A  total  of  2,013.1 
miles  has  been  improved  with  Federal 
aid,  of  which  201.2  miles  were  added 
during  the  year.  At  the  close  of  the 
year  257.2  miles  were  under  constnic- 
tion  and  59.7  miles  were  approved  for 
construction. 

The  mileage  improved  with  Federal 
aid  consists  of  104  miles  of  graded  and 
drained  earth  roads,  7.9  miles  of 
gravel,  143.1  miles  of  water-bound  mac- 
adam, 400.5  miles  of  bitinninous  mac- 
adam, 97.3  miles  of  bituminous  con- 
crete, 757  miles  of  Portland  cement 
concrete,  and  500.1  miles  of  brick,  in 
addition  to  which  there  are  bridges 
and  their  approaches  with  a  total 
length  of  3.2  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 12.1  miles  of  stage  construc- 
tion, was  $7,216,174.12.  of  which  the 
Federal  share  was  $2,876,713.72.  The 
disbursement  of  Federal  funds  to  the 
State  was  $3,937,359.91.  The  unobli- 
gated balance  available  on  June  30. 
1929,  of  all  appropriations  authorized 
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aiul  apportioned  up  to  that  date  was 
$2,7o.'>,365.6S. 

OKLAHOMA 

The  Federal-aid  highway  system  in- 
cludes 5,594.3  miles.  A  total  of 
1.828.7  miles  h;!s  been  improved  with 
Federal  aid,  of  which  233.3  miles  were 
added  during  the  year.  At  the  close 
of  the  year  84. G  miles  were  under  con- 
struction and  38.4  miles  were  approved 
for  construction. 

The  mileage  improved  with  Federal 
aid  consists  of  416.1  miles  of  graded 
and  drained  earth  roads,  2.3  miles  of 
sand-clay,  605.6  miles  of  gravel,  6.3 
miles  of  water-bound  macadam,  49.5 
miles  of  bituminous  macadam,  102.2 
miles  of  bituminous  concrete.  620.5 
miles  of  Portland  cement  concrete,  and 
S.9  miles  of  brick,  in  addition  to  which 
there  are  bridges  and  their  approaches 
with  a  total  length  of  12.3  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 44  miles  of  stage  construction, 
was  $5,303,528.87  of  which  the  Federal 
share  was  $2,391,756.20.  The  dis- 
bursement of  Federal  funds  to  the 
State  was  $1,614,336.80.  The  unobli- 
gated balance  available  on  June  30, 
1929,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$913,425.83. 

OREGON 

The  Federal-aid  highway  system  in- 
cludes 3,239.7  miles.  A  total  of 
1.147.9  miles  has  been  improved  witli 
Federal  aid,  of  which  43  miles  were 
added  during  the  year.  At  the  close 
of  the  year  48.2  miles  were  under  con- 
struction and  72.9  miles  were  approved 
for  construction. 

The  mileage  improved  with  Federal 
aid  consists  of  155  miles  of  graded  and 
drained  earth  roads,  799.1  miles  of 
gravel,  25.6  miles  of  water-bound  mac- 
adam, 11.5  miles  of  bituminous  mac- 
adam, 52.9  miles  of  bituminous  con- 
crete, and  99.9  miles  of  Portland  ce- 
ment concrete,  in  addition  to  which 
there  are  bridges  and  their  approaches 
with  a  total  length  of  3.9  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year  was 
$1,776,270.44,  of  which  the  Federal 
share  was  $922,764.06.  The  disburse- 
ment of  Federal  funds  to  the  State  was 
$544,205.11.  The  unobligated  balance 
available  on  June  30,  1929,  of  all  ap- 
propriations authorized  and  appor- 
tioned up  to  that  date  was  $1,430,- 
098.62. 


PENNSYLVANIA 

The  Federal-aid  highway  system  in- 
cludes 5,058.2  miles.  A  total  of  2,072.9 
miles  has  been  improved  with  Federal 
aid,  of  which  250  miles  were  added 
during  the  year.  At  the  close  of  the 
year  216.6  miles  were  under  construc- 
tion and  81.9  miles  were  approved  for 
construction. 

The  mileage  improved  with  Federal 
aid  consists  of  137.9  miles  of  graded 
and  drained  earth  roads,  18.4  miles  of 
bituminous  macadam,  101.1  miles  of 
bitximinuus  concrete,  1,786.9  miles  of 
Portland  cement  concrete,  and  26.4 
miles  of  brick,  in  addition  to  which 
there  are  bridges  with  a  total  length 
of  2.2  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year  was 
$12,453,120.64,  of  which  the  Federal 
share  was  $3,958,562.36.  The  disburse- 
ment of  Federal  funds  to  the  State  was 
$3,801,073.14.  The  unobligated  balance 
available  on  June  30,  1929,  of  all  ap- 
propriations authorized  and  appoi-- 
tioned  up  to  that  date  was  $1,855,- 
478.52. 

RHODE  ISLAND 

The  Federal-aid  highway  system  in- 
cludes 362.4  miles.  A  total  of  165.2 
miles  has  been  improved  with  Federal 
aid,  of  which  29  miles  were  added  dur- 
ing the  year.  At  the  close  of  the  year 
23.9  miles  were  under  construction  and 
1.5  miles  were  approved  for  construc- 
tion. 

The  mileage  improved  with  Federal 
aid  consists  of  1.8  miles  of  water-bound 
macadam,  44.2  miles  of  bituminous 
macadam,  49.7  miles  of  bituminous 
concrete,  and  69.4  miles  of  Portland 
cement  concrete,  in  addition  to  which 
there  are  bridges  and  their  approaches 
with  a  total  length  of  0.1  mile. 

The  total  cost  of  all  Federal-aid 
roads  completed  was  $1,637,611.43,  of 
which  the  Federal  share  was  $479,- 
326.40.  The  disbursement  of  Federal 
funds  to  the  State  was  $402,771.  The 
unobligated  balance  available  on  June 
30,  1929.  of  all  appropriations  author- 
ized and  apportioned  up  to  that  date 
was  $548,347.68. 

SOUTH  CAROLINA 

The  Federal-aid  liighway  system  in- 
cludes 3,230  miles.  After  deduction  of 
less  than  0.1  mile  improved  prior  to 
1921  and  not  included  in  the  system, 
the  total  mileage  now  classified  as  im- 
proved with  Federal  aid  is  1,813.7,  of 
which  98.8  miles  were  added  during  the 
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year.  At  the  close  of  the  year  166.3 
miles  were  under  construction  and  14.2 
miles  were  approved  for  construction. 

The  mileage  improved  with  Federal 
aid  consists  of  25.3  miles  of  graded 
and  drained  earth  roads,  1,236.4  miles 
of  sand-clay,  123  miles  of  gravel,  8.9 
miles  of  water-bound  macadam,  10.7 
miles  of  bituminous  macadam,  154.4 
miles  of  bituminous  concrete,  237.4 
miles  of  Portland  cement  concrete,  and 
0.2  mile  of  brick,  in  addition  to  which 
there  are  bridges  and  their  approaches 
with  a  total  length  of  17.4  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 90.3  miles  of  stage  construc- 
tion, was  $5,493,642.34,  of  which  the 
Federal  share  was  $1,289,919.53.  The 
disbursement  of  Federal  funds  to  the 
State  was  $816,484.11.  The  unobli- 
gated balance  available  on  June  30, 
1929,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$886,629.83. 

SOUTH  DAKOTA 

The  Federal-aid  highway  system  in- 
cludes 6,001.5  miles.  A  total  of  3,310.8 
miles  has  been  improved  with  Fedei'al 
aid,  of  which  450.7  miles  were  added 
during  the  year.  At  the  close  of  the 
year  536.3  miles  were  under  construc- 
tion and  49  miles  were  approved  for 
construction. 

The  mileage  improved  with  Federal 
aid  consists  of  264.5  miles  of  graded 
and  drained  earth  roads,  35  miles  of 
sand-clay,  2,996.9  miles  of  gravel,  4 
miles  of  bituminous  macadam,  and 
7.2  miles  of  Portland  cement  concrete, 
in  addition  to  which  there  are  bridges 
and  their  approaches  with  a  total 
length  of  3.2  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 125.1  miles  of  stage  construc- 
tion, was  $2,526,718.82,  of  which  the 
Federal  share  was  $1,345,451.61.  The 
disbursement  of  Federal  funds  to  the 
State  was  $1,107,488.48.  The  unobli- 
gated balance  available  on  June  30, 
1929,  of  all  appr<jpriations  authorized 
and  apportioned  up  to  that  date  was 
$371,595.94. 

TENNESSEE 

The  Federal-aid  highway  system  in- 
cludes 3,252.8  miles.  A  total  of  1,148.4 
miles  has  been  improved  with  Federal 
aid,  of  which  72.8  miles  were  added 
during  the  year.  At  the  close  of  the 
year  119.8  miles  were  under  construc- 


tion and  15.9  miles  were  approved  for 
construction. 

The  mileage  improved  with  Federal 
aid  consists  of  67.2  miles  of  graded  and 
drained  earth  roads,  123.8  miles  of 
gravel,  52.3  miles  of  water-bound  ma- 
cadam, 428.7  miles  of  bituminous 
macadam,  40.5  miles  of  bituminous 
concrete  and  431.3  miles  of  Portland 
cement  concrete,  in  addition  to  which 
there  are  bridges  and  their  approaches 
with  a  total  length  of  4.6  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 118.6  miles  of  stage  construc- 
tion, was  $5,010,358.01,  of  which  the 
Federal  share  was  $2,231,811.60.  The 
disbursement  of  Federal  funds  to  the 
State  was  $2,245,874.99.  The  unobli- 
gated balance  available  on  June  30, 
1929,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$1,096,306.59. 

TEXAS 

The  Federal-aid  highway  system  in- 
cludes 11,691  miles.  After  deduction 
of  7.4  miles  improved  prior  to  1921  and 
not  included  in  the  system,  the  total 
mileage  now  classified  as  improved 
with  Federal  aid  is  6,064.1,  of  which 
235.3  miles  were  added  during  the 
year.  At  the  close  of  the  year  911.1 
miles    were    under    construction    and 

173.2  miles  were  approved  for  construc- 
tion. 

The  mileage  improved  with  Federal 
aid  consists  of  567.2  miles  of  graded 
and  drained  earth  roads,  90.4  miles  of 
sand-clay,  2.937.9  miles  of  gravel, 
518.8  miles  of  water-bound  macadam, 

886.3  miles  of  bituminous  macadam. 
137.2  miles  of  bituminous  concrete, 
883.8  miles  of  Portland  cement  con- 
crete, and  29.2  miles  of  brick,  in  addi- 
tion to  which  there  are  bridges  and 
their  approaches  with  a  total  length 
of  13  3  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 197.2  miles  of  stage  construc- 
tion, was  $9,233,596.56.  of  which  the 
Federal  share  was  $4,016,467.80.  The 
disbursement  of  Federal  funds  to  the 
State  was  .$4,191,191.70.  The  unobli- 
gated balance  available  on  June  30. 
1929,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$36,517.80. 

UTAH 

The  Federal-aid  highway  system  in- 
cludes 1,686.3  miles.     A  total  of  918.3 
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miles  has  been  improved  with  Fed- 
eral aid,  of  which  99.S  miles  were 
added  during  the  year.  At  the  close 
of  the  year  6S  miles  were  under  con- 
struction and  18.4  miles  were  approved 
for  construction. 

The  mileage  improved  with  Federal 
aid  consists  of  105.3  milt  s  of  graded 
and  drained  earth  roads,  40.8  miles  of 
sand-clay,  607  miles  of  gravel,  23.8 
miles  of  water-bound  macadam,  29.7 
miles  of  bituminous  macadam,  9.9 
miles  of  bituminous  concrete,  and  99.5 
miles  of  Portland  cement  concrete,  in 
addition  to  which  there  are  bridges 
and  their  approaches,  with  a  total 
length  of  2.3  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 29.8  miles  of  stage  construc- 
tion, was  $1,331,229.22,  of  which  the 
Federal  share  was  $963,406.50.  The 
disbursement  of  Federal  funds  to  the 
State  was  $1,066,011.51.  The  unobli- 
gated balance  available  on  June  30, 
1929,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$361,621.97. 

VERMONT 

The  Federal-aid  highway  system  in- 
cludes 1,043  miles.  A  total  of  229 
miles  has  been  improved  with  Fed- 
eral aid,  of  which  27.6  miles  were 
added  during  the  year.  At  the  close 
of  the  year  38.1  miles  were  under 
construction  and  0.1  mile  was  ap- 
proved for  construction. 

The  mileage  improved  with  Federal 
aid  consists  of  101.9  miles  of  gravel, 
8.2  miles  of  water-bound  macadam, 
51.6  miles  of  bituminous  macadam, 
and  G0.8  miles  of  Portland  cement 
concrete,  in  addition  to  which  ther;" 
are  bridges  and  their  approaches,  with 
a  total  length  of  6.5  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year  was 
$1,174,278.93.  of  which  the  Federal 
share  was  $418,215.18.  The  disburse- 
ment of  Federal  funds  to  the  State 
was  $406,248.51.  The  unobligated  bal- 
ance available  on  June  30,  1929,  of 
all  appropriations  authorized  and  ap- 
portioned up  to  that  date  was 
$62,786.68. 

VIRGINIA 

The  Federal-aid  highway  system  in- 
cludes 3,291.5  miles.  After  deduction 
of  8.9  miles  improved  prior  to  1921 
and  not  included  in  the  system,  the 
total    mileage    now    classified    as    im- 
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proved  with  Federal  aid  is  1,345.5,  of 
which  84.8  miles  were  added  during 
the  year.  At  the  close  of  the  year 
114.2  miles  were  under  construction 
and  22.1  miles  were  approved  for  con- 
struction. 

The  mileage  improved  with  Federal' 
aid  consists  of  55.1  miles  of  graded 
and  drained  earth  roads,  203.4  miles 
of  sand-clay,  116.2  miles  of  gravel,. 
107.2  miles  of  water-bound  macadam,. 
357.9  miles  of  bituminous  macadam,. 
13.7  miles  of  bituminous  concrete,  and 
487.7  miles  of  Portland  cement  con- 
crete, in  addition  to  which  there  are 
bridges  and  their  approaches  with  a 
total  length  of  4.3  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 6.3  miles  of  stage  construction,, 
was  $2,501,862.94,  of  which  the  Federal 
share  was  $1,108,813.98.  The  disburse- 
ment of  Federal  funds  to  the  State 
was  $1,297,653.57.  The  unobligated 
balance  available  on  June  30,  1929,  of 
all  appropriations  authorized  and  ap- 
portioned up  to  that  date  was  $758,- 
318.82. 

WASHINGTON 

The  Federal-aid  highway  system  in- 
cludes 2,927.5  miles.  A  total  of  854.4 
miles  has  been  improved  with  Federal 
aid,  of  which  76.7  miles  were  added 
during  the  year.  At  the  close  of  the 
year  91.2  miles  were  under  construc- 
tion and  21.9  miles  were  approved  for 
construction. 

The  mileage  improved  with  Federal 
aid  consists  of  171  miles  of  graded 
and  drained  earth  roads,  371.6  miles  of 
gravel,  and  307.5  miles  of  Portland 
cement  concrete,  in  addition  to  which 
there  are  bridges  and  their  approaches 
with  a  total  length  of  4.3  miles. 

The  total  cost  of  all  Federal-aidi 
roads  completed  during  the  year,  in- 
cluding 5  miles  of  stage  construction,, 
was  $2,095,070.15,  of  which  the  Federal 
share  was  $872,594.07.  The  disburse- 
ment of  Federal  funds  to  the  State  was 
$1,498,282.57.  The  unobligated  balance 
available  on  June  30,  1929,  of  all  ap- 
propriations authorized  and  appor- 
tioned up  to  that  date  was  $917,100.03.. 

WEST  VIRGINIA 

The  Federal-aid  highway  system  in- 
cludes 2,214  miles.  A  total  of  683. S 
miles  has  been  improved  with  Federal 
aid,  of  which  94.1  miles  were  added 
during  the  year.  At  tlie  close  of  the 
year  86.7  miles  were  uaider  construe- 
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tion  and  24.8  miles  were  approved  for 
construction. 

Tlie  mileage  improved  witti  Federal 
aid  con.  ists  of  272.6  miles  of  graded 
and  drained  earth  roads,  3.9  miles  of 
sand-clay,  25.4  miles  of  gravel,  4.8 
miles  of  water-bound  macadam,  170.8 
miles  of  bituminous  macadam,  22.9 
miles  of  bituminous  concrete,  170  miles 
of  Portland  cement  concrete,  and  11.4 
miles  of  brick,  in  addition  to  which 
there  are  bridges  and  their  approaches 
with  a  total  length  of  1.5  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  was 
$2,287,197.12,  of  which  the  Federal 
share  was  $1,071,351.56.  The  disburse- 
ment of  Federal  funds  to  the  State  was 
$1,090,621.80.  The  unobligated  bal- 
ance available  on  June  30,  1929,  of  all 
appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $77,371.86. 

WISCONSIN 

The  Federal-aid  highway  system  in- 
cludes 5,493.4  miles.  After  deduction 
of  197.4  miles  improved  prior  to  1921 
and  not  included  in  the  system,  the 
total  mileage  now  classified  as  im- 
proved with  Federal  aid  is  2,056.1,  of 
which  211  miles  were  added  during  the 
year.  At  the  close  of  the  year  336.4 
miles  were  under  construction  and  38.9 
miles  were  approved  for  construction. 

The  mileage  improved  with  Federal 
aid  consists  of  146.3  miles  of  graded 
and  drained  earth  roads,  84  miles  of 
sand-clay,  1,011.1  miles  of  gravel,  6.7 
miles  of  water-bound  macadam,  13.8 
miles  of  bituminous  macadam,  0.5  mile 
of  bituminous  concrete,  and  791.3  miles 
of  Portland  cement  concrete,  in  addi- 
tion to  which  there  are  bridges  and 
their  approaches  with  a  total  length 
of  2.4  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 35.8  miles  of  stage  construc- 
tion, was  $6,057,896.17.  of  which  the 
Federal  share  was  $2,804,171.88.  The 
disbursement  of  Federal  funds  to  the 
State  was  $2,438,786.46.  The  unobli- 
gated balance  available  on  June  30, 
1929,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$338,759.36. 

WYOMING 

The  Federal-aid  highway  system  in- 
cludes 3,097  m  les.  After  deduction  of 
10.4  miles  Improved  prior  to  1921  and 
not  included  in  the  system,  the  total 
mileage  now  classified  as  improved 
with  Federal  aid  is  1,674.5,  of  which 


219.6  miles  were  added  during  the 
year.  At  the  close  of  the  year  164 
miles  were  under  constniction  and 
28.7  miles  were  approved  for  construc- 
tion. 

The  mileage  improved  with  Federal 
aid  consists  of  523.3  miles  of  graded 
and  drained  earth  roads,  483.3  miles 
of  sand-clay,  581.6  miles  of  gravel, 
21.4  miles  of  water-bound  macadam, 
21.2  miles  of  bituminous  macadam, 
22.1  miles  of  bituminous  concrete,  and 
15.9  miles  of  Portland  cement  concrete, 
in  addition  to  which  there  are  bridges 
and  their  approaches  with  a  total 
length  of  5.7  miles. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year,  in- 
cluding 42.6  miles  of  stage  construe- 
tiou,  was  $2,063,080.42,  of  which  the 
Federal  share  was  $1,285,898.27.  The 
disbursement  of  Federal  funds  to  the 
State  was  $1,165,778.45.  The  unobli- 
gated balance  available  on  June  30, 
1929,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was 
$313,862.69. 

HAWAII 

The  Federal-aid  highway  system  in- 
cludes 174.6  miles.  A  total  of  39.5 
m  les  has  been  improved  with  Federal 
aid,  of  which  3.3  miles  were  added 
during  the  year.  At  the  dose  of  the 
year  6.6  miles  were  under  construction 
and  16.6  miles  were  approved  for 
construction. 

The  mileage  improved  with  Federal 
aid  consists  of  11.5  miles  of  bituminous 
macadam,  8.6  miles  of  bituminous  con- 
crete, and  19  miles  of  Portland  cement 
concrete,  in  addition  to  which  there 
are  bridges  and  their  approaches  with 
a  total  length  of  0.4  mile. 

The  total  cost  of  all  Federal-aid 
roads  completed  during  the  year  wag 
$361,916.22,  of  which  the  Federal  share 
was  $90,400.62.  The  disbursement  of 
Federal  funds  to  the  Territory  was 
$92,158.11.  The  unobligated  balance 
available  on  June  30,  1929,  of  all  ap- 
propriations authorized  and  appor- 
tioned up  to  that  date  was  $1,072,- 
664.16. 

FEDERAL-AID  STATISTICS 

Statistical  information  relative  to 
the  apportionment,  obligation,  and 
disbursement  of  Federal  aid  during 
the  fiscal  year  1929 ;  the  cost  of  roads 
completed  and  the  estimated  cost  of 
roads  under  construction ;  and  the 
tyix)  of  the  roads  completed  and  un- 
der construction,  etc,  is  given  in 
Tables  16   to  28,   inclusive. 
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Table  16. — Mileage  of  the  designated  Federal-aid  highway  system  in  each  State 
and  mileage  improved  ivith  Federal  aid  to  June  30,  1929 


State 


Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut-- - 

Delaware 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 


Mileage  of 
designated 


Mileage 

completed 

with 


Feferal-aid  pederal-aid 

^^^^    ,  to  June  30, 
system  ^ggg 


884.0 
498.0 
019.4 
781.0 
332.0 
835.4 
485.9 
926.0 
576.7 
770.0 
618.5 
701.5 
212.0 
917.0 
710.0 
712.  9 
443.6 
557.1 
308.0 
243.0 
884.5 
632.1 
530.0 
690.5 
468.3 
541.0 


1, 960.  7 

887.9 

1,  745. 1 

1, 625. 6 

1,137.4 

229.  3 

212. 9 

449.0 

2, 564. 6 

1,144.5 

1,  888.  6 

1,  266.  7 
3, 009. 1 

2,  539. 4 
1,314.5 
1,321.4 

480.5 
627. 9 
570.7 
1,470.2 
3, 872.  6 
1, 656.  5 
2,  278. 1 
1, 538.  9 
3, 628. 0 
1, 081.  6 


State 


New  Hampshire. 

New  Jersey 

New  Mexico 

New  York 

North  Carolina- - 
North  Dakota.. - 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Khode  Island 

South  Carolina-. 

Soutli  Dakota 

Tennessee 

Texas 

Utah 

Vermont -.- 

Virginia 

Washington 

West  Virginia 

Wisconsin 

Wyoming -- 

Hawaii 


Total- 


Mileage  of 

designated 

Federal-aid 

highway 

system 


Mileage 
completed 

with 

Federal-aid 

to  June  30, 

1929 


980.9 

332.7 

1,181.7 

462.6 

3,  367.  7 

1, 868. 1 

5,451.0 

2, 182.  7 

3, 944. 4 

1,711.9 

7, 396.  6 

3,  676. 5 

5, 899.  3 

2, 013. 1 

5,  594.  3 

1, 823. 7 

3, 239. 7 

1, 147. 9 

5, 058.  2 

2, 072. 9 

362.4 

165.2 

3,  230.  0 

1, 813. 7 

6,  001.  5 

3,310.8 

3, 262. 8 

1, 148. 4 

11,691.0 

6, 064. 1 

1,  686.  3 

918.3 

1,043.0 

229.  0 

3,291.5 

1,  345. 5 

2,  927.  5 

854.4 

2,  214. 0 

683.3 

5, 493. 4 

2, 056. 1 

3, 097.  0 

1, 674. 5 

174.6 

39.5 

188,  857.  2 


78,  096.  6 


Table  17. — Total  cost,  Federal  aid  and  mileage  of  Federal-aid  roads,   initial 
and  stage  construction,  completed  during  the  fiscal  year  1929 


Total  cost 

Federal  aid 

'  Mileage 

state 

Initial 

Stage 

Total 

Alabama 

$4,  293, 128.  01 

1,  364,  000.  35 
2,741,801.31 
6,  650,  687.  38 
5,105,451.40 
2, 181, 298.  64 

678,  062.  40 

2,  643,  407.  24 
2,956,121.78 
2, 435, 074.  59 
6, 121,  046.  35 

6,  412,  238.  71 

7,  457,  609.  97 
5,  335, 022.  24 

3,  749, 994.  06 
1, 240, 120.  23 
1, 583,  052.  78 
1. 847, 190.  79 
3,  0S7,  998.  38 
5,  940,  513.  07 

8,  303,  728.  19 

1,  750,  251.  06 

3,  922,  393.  41 

2,  836,  700.  85 

4,  434, 167.  82 
1,  313,  310.  42 

1,  001, 020.  85 

2,  847,  737.  45 
2, 229,  501.  77 

17,  998,  988.  48 

3,  347,  608.  32 
2,  965,  387.  55 
7,  216, 174. 12 

5,  303,  528.  87 
1,  776,  270.  44 

12,  453, 120.  64 
1,637,611.43 
5,  493,  642.  34 

$2,  072,  634.  60 
892,  597.  99 

1,  325, 478.  27 
3,  228, 015. 10 

2,  593,  610  46 
606, 132.  05 
198, 900.  72 

1, 125, 163.  19 
1,  332,  729.  37 

1,  441,  742.  26 

2,  794,  215  01 

2,  988,  535.  95 

3,  382,  766.  29 
2,  378, 160.  82 
1,  830,  900.  22 

611,  432.  56 
649, 921.  57 
815,  265.  86 

1,  064, 911.  57 

2,  405,  266.  86 
2, 879, 041.  58 

866,  977.  76 
1,  545,  883.  79 
1,  834, 170.  77 
2, 140,  403.  77 
1, 120, 157. 11 
409, 954.  34 
659,  548.  27 
1,  467, 188.  58 
5,  030, 321.  47 
1,  558,  671.  88 

1,  358,  653.  48 
2, 876,  713.  72 

2,  391,  756.  26 
922,  764.  06 

3, 958,  562.  36 

479,  326.  40 

1, 289,  919.  53 

183.5 

66.1 

108.7 

171.7 

175.1 

22.8 

13.4 

63.6 

113,6 

150.8 

203.2 

203.1 

123.1 

338.6 

169.0 

46.5 

51.8 

70.5 

69.7 

163.8 

257.0 

109.5 

99.6 

244,2 

460.2 

147.0 

28.1 

44.4 

137.6 

318.9 

125.6 

500.6 

201.2 

233.3 

43.0 

250.0 

29.0 

98.8 

68.2 
24.0 

251.7 

Arizona 

90.1 

108.7 

9.3 

14.8 

.1 

3.9 

181.0 

Colorado                                    .-  

189.9 

Connecticut  .. 

22.9 

Delaware 

17.3 

Florida                                           -. 

63.6 

Georgia                          

45.2 
66.5 

158.8 

217.3 

203.2 

Indiana 

3.5 
170.5 
22.9 

206.6 

293.6 

361.5 

169.0 

46.5 

51.8 

10.8 

.2 

.3 

117.9 

30.9 

64.2 

13.4 

182.5 

60.8 

81.3 

Massachusetts 

69.9 

154.1 

374.9 

Mississippi.-            .  

140.4 

Missouri    

163.8 

257.6 

Nebraska                       ..  

642.7 

Nevada               

207.8 

28.1 

44.4 

New  Mexico            

56 

8.5 

25.6 

331,3 

12.1 

44.0 

143.2 

New  York    . 

327.4 

North  Carolina          .-    -  

151.2 

831.9 

Ohio 

213.3 

Oklahoma                    -      

277.3 

43.0 

250.0 

29.0 

South  Carolina 

90.3 

189.1 
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Table  17. — Total  cost,  Federal  aid  and  mileage  of  Federal-aid  roads,  initial 
and  stage  construction,  completed  during  the  fiscal  year  i529— Continued 


State 


South  Dakota. 

Tennessee 

Texas 

Utah.... 

Vermont 

Virginia 

Washington... 
West  Virginia. 

Wisconsin 

Wyoming 

Hawaii 


Total 195,298,168.25 


Total  cost 


$2,  526, 
5,  010, 
9,  233, 
1,331, 

1,  174, 

2,  501, 
2, 095, 
2.  287, 
5,  057, 
2,  063, 

361, 


718.  82 
358.  01 
596.  56 
229.  22 
278.  93 
862.  94 
070.  15 
197.  12 
896.  17 
080.  42 
916.  22 


Federal  aid 


$1, 345, 

2,  231, 

4,  016, 

963, 

418, 

1, 108. 

872, 

1,  071, 

2, 804, 

1,  285, 

90, 


451.  61 
811.  60 
467.  80 
406.  50 
215.  18 
813.  98 
594.  07 
351.  50 
171.  88 
898.  27 
400.  62 


82,  736,  878.  92 


Mileage 


Initial        Stage         Total 


450.7 
72.8 

235.3 
99.8 
27.6 
84.8 
76.7 
94.1 

211.0 

219.6 
3.3 


7,  402.  3 


125.1 
118.6 
197.2 
29.8 


6.3 
5.0 


35.8 
42.6 


1,987.7 


575.8 

191.4 

432.6 

129.6 

27.6 

91.1 

81.7 

94.1 

246.8 

262.2 

3.3 


,  390. 0 


Table  18. — Total  cost.  Federal  aid  and  mileage  of  Federal-aid  roads,  initial  and 
stage  construction,  under  construction  on  June  SO,  1929,  62/  States 


state 


Alabama 

Arizona 

Arkansas 

■California.. 

■Colorado 

Connecticut 

Dela'ware 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas.. 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts.. . 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska.. - 

Nevada 

New  Hampshire. 

New  Jersey 

New  Mexico 

New  York 

North  Carolina.. 
North  Dakota... 

■Ohio 

Oklahoma 

Oregon 

Pcnns>lvania 

Rhode  Island 

South  Carolina.. 
South  Dakota... 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

West  Virginia 

Wisconsin. 

Wyoming 

Hawaii 


Total 238,158,495.57  I     96,500,346.96 


Estimated 
total  cost 


258, 926. 95 
199, 816.  28 
656,  725.  36 
612,  659.  34 
993,  909.  55 

792,  275.  72 

753,  366.  80 
734,  529.  08 
757, 836.  66 
905,  547.  56 
245,  292.  23 
958,  464.  70 
527,  407.  02 
432.  075.  07 
598,  602.  22 
623,  495.  55 
883,  862.  41 
167,810.00 
097,  641.  63 
224,  762.  17 

888,  903.  63 
736,  296.  26 
068,  176.  63 
089,  960.  81 
892, 184.  38 
144,  050.  62 
561, 177.  02 
565,  550.  60 
261,  247.  93 
451,671.43 
375,  152.  61 
234,  518.  96 
976,  628.  49 
499,  899  94 

793,  251.  14 
854,  654.  57 
562,  040.  98 
OSO,  278.  30 
727,  628.  20 
605,  466.  41 
723,  807.  68 
727,  297.  51 

889,  278.  37 

754,  082.  68 
72i,  579.  95 
842,  654.  78 
777,  590.  68 
526,  197.  61 
402, 261.  10 


Federal-aid 
allotted 


$1,  627, 

1, 859, 

1,  799. 

4,  324, 

2,068, 

217, 

298, 

1,  135, 

1,  673, 

542, 

8,  620, 

4,  278, 

1,  582, 

1,  346, 

2,  194, 
1,  803, 

646, 

62, 

1,  538, 

4,  374, 

1,  671, 

2,  130, 

3,  483, 
3, 187, 
1,  438, 
1,002, 

198, 

815, 

1, 429, 

5, 137, 

687, 

1,  329, 

4,  206, 
668, 
391, 

3,  395, 
403, 
823, 

2,  010, 
1,  672, 
7, 610, 
1, 165, 

632, 
1, 196, 
1,  238, 
1, 149, 

4,  308, 
979, 
137, 


437.  04 
989.  34 
403.  14 
210.  30 
568.  40 

937.  99 
843.  42 
234.  01 
267.  89 
064.  66 
190.  39 
868.  78 
809.  17 
245.  56 
672.  33 

989.  15 
104.  12 
360.  00 
226.  50 

874.  40 
618.  27 
632.  99 
757.  97 
267.  45 
788.  31 

938.  37 
553.  31 
205.  00 

503.  15 
430.  55 
576.  28 
006.  06 

990.  80 
725.  70 
848.  56 
873.  25 
211.55 
426.  61 
354.  66 
582.  01 
655.  50 
860.  46 

504.  02 
688.  51 

875.  25 
762.  08 
468.  14 
518.  74 
426.  82 


Mileage 


Initial        Stage 


224.7 

100  5 

102.9 

265.4 

128.8 

12.5 

15.7 

90.9 

163.9 

77.5 

572.8 

275.9 

53.4 

243.8 

243.8 

151.9 

44.3 

3.6 

91.1 

251.3 

197.6 

196.4 

211.8 

354.2 

240.5 

114.5 

12.5 

54.3 

137.6 

343.6 

80.4 

482.5 

257.2 

78.8 

48.2 

202.5 

23.9 

128.9 

488.6 

119.8 

657.9 

68.0 

38.1 

95.3 

73.1 

68.9 

307.1 

155.1 

6.6 


2L0 

30.1 

6.5 

9.9 

26.6 


5.7 
36.9 


82.3 


3.4 


93.4 
17.4 
56.2 

8.1 
60.2 
112.4 

1.0 


5.8 

"ii'i' 


37.4 

47.7 


253.2 


18.9 
18.1 
17.8 
29.3 
8.9 


7.2 
138.2 


8,  358.  6       1, 167.  7 


Total 


245.7 

130.6 

109.4 

275.3 

155.4 

12.5 

15.7 

96.6 

200.8 

77.5 

572.8 

275.9 

135.7 

243.8 

247.2 

151.9 

44  3 

3.6 

91.1 

251.3 

29L0 

213.8 

268.0 

362.3 

300  7 

226.9 

13.5 

54.3 

137.6 

343.6 

87.6 

620.7 

257.2 

84.6 

48.2 

216.6 

23.9 

166.3 

636.3 

119.8 

9n.  1 

68.0 

38.1 

114.2 

91.2 

86.7 

336.4 

164.0 

6.6 


,  526.  3 
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Table  19. — Total  cost,  Federal  aid  and  mileage  of  Federal-aid  roads,  initial  and 
stage  construction,  approved  for  construction,  as  of  June  30,  1929,  'by  States 


state 


Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas... 

Kentucky 

Louisiana 

Maine 

Maryland. 

Massachusetts... 

Michigan... 

Minnesota. 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire. 

New  Jersey 

New  Mexico 

New  York 

North  Carolina.. 
North  Dakota... 

Ohio.... 

Oklahoma 

Oregon 

Pennsylvania 

Rhode  Island 

South  Carolina.. 

South  Dakota 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

West  Virginia 

Wisconsin , 

Wyoming 

Hawaii 


Total 61, 500, 673.  97 


Estimated 
total  cost 


$430, 
226, 
529, 

2,  536, 
770, 

1,  372, 

535, 

37, 

202, 

648, 

1,  058, 

2,  464, 
2, 067, 

463, 
287, 
941, 
980, 
258, 
2, 155, 
1,  498, 
188, 

3,  342, 
1,  758, 
1,  558, 

334, 
252, 
521, 
241, 

9, 105, 
272, 

1, 143, 

4,  310, 
1,  392, 
1, 137, 
3, 619, 

70, 

368, 

440, 

342, 

7,000, 

246, 

20, 

476, 

1,  039, 

1,  323, 

754, 

213, 

562, 


398.  21 
598.  57 
229.  73 
332.  71 
144.  32 

239.  99 
184.  40 
129.  17 
122.  35 
000.00 
051.  61 
679.  61 
844.  93 
762.  16 
899.  05 
331.  71 
260.  95 

186.  27 
000  00 
509.  36 
293.  15 
376.  38 
524.  56 
312.  11 
482.  30 
935  68 

240.  38 
716.  29 
046.  33 
103.  36 
646.  71 
036.  60 
362.  75 
687.  38 
350.  36 
170.  40 
829.  54 
580.  75 
937.  22 
086.00 
869.  73 
051.  36 

187.  94 
326.  93 
627.  44 
725.  77 
573.  07 
688.38 


Federal  aid 
allotted 


$215, 
170, 
262, 
1, 117, 
412, 
559, 
262, 

18, 
121, 
324, 
504, 
998, 
981, 
231, 
105, 
381, 
456, 

75. 
933, 
416, 

94, 

1,  279, 
967, 
711, 
297, 

97, 
130, 
154, 

2,  054, 
131, 
429, 
997, 
617, 
708, 

1,  267, 

22, 

85, 

232, 

171, 

2, 998, 

182, 

10, 

201, 

480, 

515, 

363, 

140, 

247, 


199. 10 
C06.  04 
782  41 
206.  50 
855.  91 
118.95 
260.  69 

192.  86 
880.  16 
000.00 
631.  00 
305.  35 

277.  15 
833.  31 
752.  71 
984  35 
710.  00 
125.  87 
716.  86 
297.  96 
146.  56 
C93.  85 
070.  97 
443.  12 
187.  45 
410.  00 
335.00 
094.  12 
505.  00 
967.  67 
101.  68 
860.  29 
562.  37 
004.  14 
978.  20 
755.00 
000.00 

278.  85 
468.  59 
213.00 
643.  58 
025.  68 

193.  99 
000.00 
302.  72 
097. 16 
210.  67 
259.  61 


24, 137, 546.  45 


Mileage 


Initial 


6.4 


25.3 
3L6 
25.8 

8.0 
30.8 

2.9 
16.3 
22.5 
35.3 
25  7 
135.9 
40.  r, 
.2 
29.7 
39.3 

1.9 
51.6 
74.7 
12.9 
16.5 
166.0 
54.0 
.6 

6.5 

8.7 

9.0 
137.5 
14.2 
124.7 
59.7 
38.4 
72.9 
81.9 

1.5 
14.2 
49.0 
15.9 
173.2 
18.4 
.1 
22.1 
2L9 
24.8 
38.9 
28.7 
16.6 


1,833.0 


Stage 


14.3 

29.4 
6.0 
19.5 
12.4 


63.9 
11.5 


8.2 


16.8 
3.4 
9.5 

16.6 


9L4 


134.7 
92.4 


23L9 
19.3 
17.1 
44.8 


28.6 

"mi' 


3.1 

n.  7 

12.3 


27.4 


1,  065.  3 


Total 


20.7 
29.4 
31.3 
5L1 
38.2 
8.0 
30.8 
2.9 
16.3 
22.5 
35.3 
89.6 

147.4 
40.3 
8.4 
29.7 
56.1 
5.3 
61.1 
9L3 
12.9 

107.9 

166.0 

188.7 

93.0 

6.5 

8.7 

9.0 

137.5 
14.2 

356.6 
79.0 
55.5 

117.7 
81.9 
1.5 
14.2 
77.6 
15.9 

312.3 
18.4 
.1 
25.2 
33.6 
37.1 
38.9 
56.1 
16.6 
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Table  20. — Mileage  of  Federal-aid  roads  improved  as  of  June  30,  1929,  ly  typeu 
of  construction,   hy  States 


State 

Graded 

and 
drained 

Sand- 
clay 

Gravel 

Water- 
bound 
mac- 
adam 

Bitu- 
minous 
mac- 
adam 

Bitu- 
minous 
concrete 

Portland 
cement 
concrete 

Brick 

Bridges 

TotaJ 

Alabama.. 

143.0 
181.0 
64.5 
337.7 
232.4 

534.1 

101.1 

3.0 

"""96.'2" 

912.5 
426.4 
1, 118.  5 
398.4 
480.8 
.2 

11.6 

14.2 

48.3 

24.1 

5.3 

17.4 

4.9 

131.1 

144.2 

22.5 

""'4i."6" 

74.1 

13.6 

109.1 

95.6 

"""28.'7" 

7.0 

78.9 

151.8 

20.7 

3.3 

23.4 

87.6 

38.1 

256.3 

165.1 

13.0 

.6 

13.7 

53.6 

43.1 

85.0 

8.1 

12.0 

189.9 

109.4 

139.0 

596.9 

298.8 

178.  5 

180.6 

143.2 

411.5 

44.6 

1,  695.  0 

1, 120.  3 

1, 039.  6 

678.8 

170.4 

39.9 

88.9 

332.7 

191.  5 

1,  002.  8 

718.6 

208.0 

994.9 

36.0 

77.0 

45.2 

34.6 

423.5 

81.9 

1,  721.  2 

774.6 

4.7 

757.0 

620.5 

99.9 

1,  786.  9 

69.4 

237.4 

7.2 

431.3 

883.8 

99.5 

60.8 

487.7 

307.5 

170.0 

791.3 

15.9 

19.0 

""e.T 

10.1 
.5 

'"25."8" 

6.6 

21.9 

163.3 

3.9 

7.9 
4.1 
6.4 
7.8 

10.9 

3.9 

.5 

7.4 

27.3 
3.4 
2.3 
4.1 
2.0 

13.6 
3.3 

10.7 
.6 

1, 960.  7 
887  9 

Arizona.. 

Arkansas  .... 

1,  745. 1 
1, 625.  6 
1  137  4 

California... 

Colorado.. 

Connecticut 

229.3 
212  9 

Delaware 

Florida. 

9.2 

217.4 

201.6 

153.7 

16.5 

1,  329.  0 

1, 033.  6 

625.  3 

30.6 

15.  5 

1, 178. 1 

6.0 

""280."5" 

760.7 

.4 

42.2 

616.6 

236.2 

253.8 

1, 194.  0 

214.8 

31.5 

.5 

358.3 

2,  261.  5 

1, 158.  3 

796.6 

1,  240. 1 

812.3 

833.4 

99.2 

5.6 

1,  503.  2 

58.4 
63.6 

2,  313.  4 

7.9 
605.6 
799.1 

449  0 

Georgia. - 

2,  564. 6 
1  144  5 

Idaho .    . 

Illinois.. 

1. 888.  6 
1  266  7 

Indiana. 

Iowa 

3,  009. 1 

Kansas 

4.5 
41.3 
3.2 
8.6 
1.2 
6.6 
16.3 

125.5 
201.9 
9.5 
167.6 
235.7 
308.6 
10.4 

3.4 
14.6 
33.5 

2  539  4 

Kentucky 

Louisiana 

Maine... 

1,  314.  5 

1,  321.  4 

480  5 

Maryland. 

4.7 

22.1 

59.5 

69.5 

32.7 

10.4 

17.7 

5.6 

14.2 

2.0 

32.4 

22.3 

.7 

12.6 

249.5 

1.9 

97.3 

102.2 
52.9 

101.1 
49.7 

154.4 

627.9 

Massachusetts... 

."4" 

""'9.'7" 
20.9 

"19' 6 

----- 

"5o5."i" 
8.9 

"'26.1" 
....... 

""29."  2" 

"li.T 

4.0 
2.0 
1.4 
7.3 

10.1 
4.8 
8.2 
2.7 
4.1 
2.3 
4.1 
1.9 
3.2 
7.0 
3.2 

12.3 

3.9 

2.2 

.1 

17.4 
3.2 
4.6 

13.3 
2.3 
6.5 
4.3 
4.3 
1.5 
2.4 
5.7 
.4 

570.  T 

Michigan 

Minnesota 

10.5 
852.2 
233.5 
387.5 
224.1 
566.1 

51.2 

'"""6."2" 
16.7 
2.6 
5.6 

2, 129. 1 
9.7 

1, 470.  2 
3, 872.  6 

Mississippi 

Missouri 

11.1 
3.0 
15.9 

'""ii'g" 

70.0 

1.5 

44.8 

6.8 

1.5 

122.5 

92.4 

1,  656.  5 

2,  278. 1 
1  538  9 

Montana.. 

Nebraska 

Nevada 

3,628.0 

1, 081.  6 

332.7 

New  Hampshire . 

New    Jersey 

8.9 
273.1 
21.6 
103.8 
1,  344. 1 
104.0 
416.1 
155.  0 
137.9 

""""5.1" 

4.6 

459.7 

"""'2."3" 

462.6 

New  Me.xico 

1, 868. 1 

New  York 

North  Carolina. - 

North  Dakota 

Ohio 

""iae" 

5.4 

143.1 

6.3 

25.6 

361.7 
37.9 

"m'h' 

49.5 

11.5 

18.4 

44.2 

10.7 

4.0 

428.7 

886.3 

29.7 

51.6 

357.9 

2, 182.  7 
1,711.9 
3, 676.  5 
2, 013.  1 
l,823.r 
1, 147. 9 

Oklahoma. 

Oregon 

Pennsylvania 

2, 072. 9 

Rhode  Island 

1.8 
8.9 

"'"52."3" 

518.8 

23.8 

8.2 

107.2 

165.  2 

South  Carolina... 
South  Dakota 

25.3 
264.5 

67.2 
567.2 
105.3 

1,  236.  4 
35.0 

""'90."4" 
40.8 

123.0 

2,  996.  9 

123.8 

2, 937.  9 

607.0 

101.9 

116.2 

371.6 

25.4 

1,  Oil.  1 

581.6 

1,813.T 
3,  310. 8 

Tennessee. 

Texas 

40.5 

137.2 

9.9 

1, 148. 4 

6,  064. 1 

918  3 

Utah 

Vermont 

229.0 

Virginia 

55.1 
171.0 
272.6 
146.  3 
523.3 

203.4 

""""3."9' 
84.0 
483.3 

13.7 

1,  345. 5 

Washington 

854.4 

West  Virginia 

Wisconsin 

Wyoming. 

Hawaii 

4.8 

6.7 

21.4 

170.8 
13.8 
21.2 
11.5 

22.9 

.5 

22.1 

8.6 

683.3 

2,  056. 1 

1, 674.  5 

39.5 

Total 

11, 667. 6 

7,  033.  3 

28, 991. 1 

1,  615.  7 

4, 844.  8 

2, 193.  8 

20,  617.  6 

865.8 

266.9 

78, 096. 6 
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Table  21. — Mileage  of  Federal-aid  roads  initially  completed  during  the  fiscal 
year  1929,  by  types  of  construction,  by  States  ^ 


state 

Graded 

and 
drained 

Sand- 
clay 

Gravel 

Water- 
bound 
mac- 
adam 

Bitu- 
minous 
mac- 
adam 

Bitu- 
minous 
concrete 

Portland 
cement 
concrete 

Brick 

Bridges 

Total 

77.5 
64.5 
53.1 
19.1 
29.2 

8.1 
-14.6 

64.5 
12.0 
34.4 
50.6 
62.0 

0.1 
3.0 

31.2 

.4 

18.3 

39.0 

74.7 

19.6 

13.4 

19.8 

12.0 

8.3 

158.9 

199.  7 

103.7 

66.4 

20.2 

17.1 

9.8 

25.2 

8.4 

145.3 

73.6 

-2.3 

47.3 

4.0 

2.1 

.3 

21.0 

43.1 

11.0 

286.2 

110.1 

2.1 
.8 
2.9 
2.0 
3.9 
1.6 

183.5 

66.1 

108.7 

California 

4.9 
5.3 

31.0 

25.1 

171.7 
175.1 

Connecticut 

1.6 

22.8 

13.4 

Florida 

.2 

23.3 

16.6 

43.4 

3.0 

-3.2 

180.2 

106.7 

5.0 

""'i7."i" 

15.7 

.1 

119.9 

15.9 
37.1 

""7."5' 

11.7 
16.3 
5.6 



.3 
.2 
.4 
.9 
.4 
.2 
1.1 
1.1 
2.6 
.2 

63.6 

Georgia 

113.6 

150.8 

203.2 

Indiana 

203.1 

'"'63."5' 

22.4 
6.4 
7.8 
21.8 
22.8 

123.1 

11.6 
19.7 

338.6 

Kentucky 

13.5 

169.0 
46.5 

8.5 

10.5 
40.2 
49.3 

51.8 

.. 

5.1 
9.0 

70.5 

Massachusetts 

.1 

8.3 

3.1 
.1 

-.2 
.1 
.6 
1.6 
.8 
1.2 
1.5 

69.7 

153.8 

182.8 
34.2 
47.3 
15.4 

114.3 
8.3 

257. 0 

Mississippi 

'"""2.'6' 
"34L9" 

74.5 

1.6 

225.5 

.6 

.9 

109.5 
99.6 

Montana 

Nebraska 

-1.9 

244.2 

.4 

460.2 

111.1 

""z.s 

27.3 
4.3 

147.0 

-1.0 

28.1 

.9 
91.3 
20.5 

.4 

44.4 

34.1 

8.7 
15.1 

365.6 
44.9 

156.3 
16.4 
47.8 

1.2 
.2 
.4 
.4 

1.0 
.8 

1.0 

1.6 
.1 

3.4 
.5 

2.1 

2.4 
.1 
.1 
.5 
.2 
.2 

1.1 
.8 
.2 

137.6 

3.3 

318.9 

North  Carolina... 

125.6 

North  Dakota 

3.0 

131.6 
1.2 

500.6 

Ohio.. 

8.1 

32.5 
26.5 
10.7 

3.4 

75.6 
49.7 

34.5 

201.2 

Oklahoma 

233.3 

Oregon 

14.9 

43.0 

Pennsylvania 

200.6 

7.5 

38.4 

250.0 

Rhode  Island 

18.9 

2.5 
15.9 

29.0 

South  Carolina... 

27.2 
9.3 

13.9 
343.6 

98.8 

South  Dakota 

97.3 

28.7 

114.4 

10.5 

450.7 

Tennessee 

-.1 
4.0 
6.7 
5.9 

55.0 

7.0 

35.1 

101.8 

7.9 

16.1 

15.3 

18.8 

19.7 

107.4 

72.8 

Texas 

12.8 

74.6 

5.5 

-.1 

235.  3 

Utah 

99.8 

Vermont. 

27.6 

Virginia . 

10.9 

3.1 

84.8 

Wnshington 

30.2 
57.6 
-1.3 
150.9 

27.5 

5.5 

93.9 

56.3 

76.7 

West  Virginia 

11.1 

94.1 

Wisconsin 

.4 

211.0 

Wyoming 

Hawaii 

.2 

11.4 

-8.7 

219.6 

8.6 

3.2 

3.3 

If'" 

Total 

2, 198. 1 

478.5 

1,  755.  5 

85.0 

380.8 

132.0 

2,  284. 9 

43.9 

43.6 

7, 402. 3 

•  Net  decreases  in  mileage  of  certain  types  due  to  abandonment  and  revision  of  plans  indicated  by  minus 
sign. 
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Table  22. — Mileage  of  Federal-aid  roads  under  imtial  construction  on  June  30, 
1929,  by  types  of  construction,  by  States 


state 

Graded 

and 
drained 

Sand- 
clay 

Gravel 

Water- 
bound 
mac- 
adam 

Bitu- 
minous 
n.ac- 
adam 

Bitu- 
minous 
concrete 

Portland 
cement 
concrete 

Brick 

Bridges 

Total 

Alabama  .. 

168.2 
98.4 
28.5 
53.7 
9.4 

38.3 

1 

16.6 

1.6 
1.3 
2.3 
1.4 
1.0 

224  7 

Arizona    .. 

0.8 

100  5 

Arlcansas 

37.3 
56.0 
75.3 

4.2 
29.0 

30.6 

46.2 

32.3 

1.6 

7.7 
28.0 
57.0 

'"o'V 

102  & 

California 

79.0 
10.8 
10.9 

265.4 
128  8 

Connecticut 

12  5 

Delaware.- 

8.0 
16.1 

15  7 

38.7 
29.0 
5.4 
62.8 
12.8 

7.1 
70.7 
15.5 

1.0 
.3 
.1 

1.9 
.4 

90  9 

6.9 

163  9- 

66.5 
1.0 

77.5 

500.9 

262.7 

48.4 

22.4 

16.1 

6.2 

572  8 

275  9 

5.0 
3.5 
19.5 
105.0 
2.0 

53  4 

210.8 
181.4 
44.6 

.2 

4.5 
25.7 

2.4 
1.1 
2.3 
1.1 

.1 

.3 
1.9 

.4 
4.5 
2.1 
1.0 

.8 

243  8 

Kentucky. 

243  8 

151  9' 

16.2 

9.6 

15.4 

3.5 

6.3 

195.0 

.3 

41.2 

93.7 

44.3 

3.6 

72.8 

11.7 

91.1 

Michigan 

24.7 
196.9 

90.1 

111.6 

5.8 

106.5 

29.7 

251  J 

197.  ft 

Mississippi 

'"ii9."i" 

60.6 

196  4- 

211.8 

321.2 

26.2 

9.5 

6.3 

1.9 

.4 

36.8 

57.0 

354.2- 

4.6 

240  5 

108.2 

'.6 
""'22.'3' 

114.5 

10.0 

48.0 

1.1 

253.0 

30.7 

12.5 

4  6 
36.6 
22.8 

"""386.9" 
41.5 
64.5 
44.2 
10.6 

'"32."  4" 


.9 
39.3 
10.8 
17.0 
76.9 
8.5 

.4 

54.3 

1.5 

137  6 

343.6 

.3 

1.4 

2.0 

.6 

.5 

.5 

.1 

.8 

.8 

2.1 

6.6 

.2 

.4 

.9 

.5 

.3 

2.1 

.5 

.1 

80.4 

17.3 
3.4 

482.5 

Ohio 

30.3 

1.9 

140.9 
13.7 

28.7 

257.  2- 

78.8 

3.5 

48.2 

178.2 

6.4 

52.9 

.3 

33.3 

-111.9 

1.8 

37.4 

7.6 

13.2 

"""i."o" 

202.5 

Rhode  Island 

13.3 

4.1 
1.5 

23.9 

28.9 
340.3 

84.4 
495.8 

39.1 

44.8 

16.8 

128. 9 

130.4 

488  6- 

119.8 

Texas 

14.1 
23.4 
.3 
18.7 
22.7 

11.2 
3.5 

17.3 

657. 9' 

Utah 

68.0 

38.1 

Virginia 

30.2 
49.9 
35.1 

1.4 
149.1 

1.7 

12.6 

16.9 

8.4 

95.3 

73.1 

13.7 

16.5 
216.1 

68.9' 

87.5 
5.5 

307.1 

Wyoming 

155.1 

4.8 

6.6 

Total 

3,  346.  9 

240.5 

1,  375.  1 

98.6 

528.0 

78.5 

2,  590.  3 

49.2 

51.5 

8,  358. 6- 
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Table  23. — Mileage  of  Federal-aid  roads  approved  for  initial  construction  on 
June  30,  1929,  hy  types  of  construction,  6y  States 


State 

Graded 

and 
drained 

Sand- 
clay 

Water- 
Q-el    boun_<i 

adam 

Bitu- 
minous 
mac- 
adam 

Bitu- 
minous 
concrete 

Portland 
cement 
concrete 

Brick 

Bridges 

Total 

6.4 
10.4 
3.4 

6.4 

6.6 
9.3 

8.2 
4.1 

0.1 
.9 

25.3 

13.9 
7.5 

31.6 

18.3    - 

25.8 

0.6 

6.0 
26.0 

1.4 

8.0 

4.8 

30.8 

.6 

2.3 

2.9 

3.6 

12.7 

16.3 

22.5 

35.3 

25.4 

5.1 

22.5 

::::::: 

35.3 

.3 
130.3 
27.9 

25.7 

.5 
.1 
.2 

135.9 

Kentucky 

6.4 

5.9 

40.3 

.2 

10.8 

2.0 

12.2 

4.7 
39.3 

1.9 
61.5 

29.7 

39.3 

1.9 

.1 

51.6 

64.1 
12.7 
1.2 
48.2 
11.3 

10.6 

74.7 

Mississippi 

.2 

12.9 

15.3 

16.5 

"'§6^6' 

111.0 

6.2 

.6 
.1 

166.0 

6.0 

54.0 

.6 

.6 

New  Hampshire  > 

6.5 
8.7 

6.5 

8.7 

9.0 

9.0 

22.1 

23.2 

92.2 

4.2 

.8 

47.1 

22.1 

137.5 

9.1 
1.0 

0.9 

14.2 

122.3 

12.2 

11.1 

39.6 

5.6 

.6 

124.7 

Ohio 

.4 
.3 
.4 

.59.7 

4.9 

38.4 

13.1 

19.8 

72.9 

Pennsylvania 

76.3 
1.5 
14.2 

81.9 

1.6 

14.2 

29.9 

15.9 

109.1 

2.2 

19.0 

.1 

49.0 

15.9 

.9 

60.4 

2.8 

173.2 

Utah 

16.2 

18.4 

.1 

.1 

1.6 
4.2 

3.7 
11.9 

16.8 
5.8 
14.6 
19.0 

22.1 

Washington, 

21.9 

9.9 

.3 

24.8 

10.0 
28.7 

9.9 

38.9 

Wyoming. 

28.7 

16.6 

16.6 

Total 

730.0 

37.2 

279.8 

3.2 

118.1 

6.7 

649.4 

8.6 

1,833.0 
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Tables  24. — Mileage  of  Federal-aid  stage  construction  completed  during  the  flsoaf 
year  1929,   by  types  of  construction,  by  States^ 


State 

Graded 

and 
drained 

Sand- 
clay 

Gravel 

Water- 
bound 
mac- 
adam 

Bitu- 
minous 
mac- 
adam 

Bitu-    ;  Portland 
minous  :  cement 
concrete:  concrete 

Brick 

Bridges    Total 

Alabama 

1.3 

66.9 

68.2 

Arizona 

5.9 
2.8 

-^.3 

""'"o.'e" 

13.6 
1.0 

8.5 

0.3 

24.0 

Arkansas 

4.9 
4.7 

9.3 

Colorado 

9.1 

1.0 
.1 

."i" 

14.8 

Connecticut. 

.1 

Delaware 

3.9 

3.9 

Georgia 

20.1 

10.0 
15.1 

15.0 

45.2 

Idaho 

51.4 

66.5 

Indiana 

1 

3.5 

150.0 

22.3 

3.6 

3.5 

Iowa  -.  . 

20.5 

170.5 

Kansas 

.6 

22.9 

Maryland 

7.2 

10.8 

Massachusetts 

.2 
.3 

.2 

Michigan 

.3 

Minnesota 

73.0 

44.9 

117.9 

Mississippi 

6.6 

24.3 
66.8 

30.9 

Missouri.-  . 

—2.7 

.1 

64.2 

Montana  . 

10.5 

2.9 

13.4 

Nebraska 

.2 

179.0 

1.5 
74.7 

1.6 

.2 

182.5 

Nevada 

—13.9 

60.8 

New  Mexico 

5.1 

.5 

5.6 

New  York. 

8.5 
21.6 

8.5 

North  Carolina 

4.0 

25.6- 

North  Dakota 

4.5 

326.8 



331.3 

Ohio.. 

.1 
—7.7 

7.7 
4.0 

11.8 
28.1 
46.7 
4.5 
118.6 
154.4 

.2 

12.1 

Oklahoma  . 

23.6 
35.9 

44.0 

South  Carolina 

90.3 

South  Dakota 

116.6 

125.1 

Tennessee 

118.6 

Texas. 

8.2 

8.1 
.5 

14.2 
7.0 

12.0 
22.3 

.3 

197.  2 

Utah... 

29.8 

Virginia    .      .  . 

6.3 
4.9 
35.7 

6.3 

.1 

5.0 

.1 
.1 

35.8 

27.1 

5.6 

9.8 

42.6 

Total 

92.5 

184.3 

569.0 

133.6 

171.3 

80.0 

849.6 

3.9 

3.5 

1,  987.  7 

'  Net  decreases  in  mileage  of  certain  types  due  to  abandonment  and  revision  of  plans  indicated  by  minus- 
sign. 
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Table  25. — Mileage  of  Federal-aid  roads  nndei-  stage  eonstrnetion  on  June  30, 
J 929,  bg  types  of  construction,  bg  States 


State 

Graded 

and 
drained 

Sand- 
clay 

Gravel 

Water- 
bound 
mac- 
adam 

Bitumi- 
nous 
mac- 
adam 

Bitumi- 
nous 
concrete 

Portland 
cement 
concrete 

Bridges    Total 

Alabama 

21.0 
15.9 

21.0 

Arizona     

14.0 

0.2 
.3 
.7 

1.2 
.3 

30.1 

Arkansas 

6.2 
9.2 
10.4 

6.5 

California 

9.9 

Colorado 

15.0 

26.6 

Florida 

5.4 
15.2 

."1.7 

Georgia 

7.8 
15.2 

13.9 
67.1 

!        36.9 

Iowa 

1         82.3 

Kentucky 

3.4 

3.4 
9.^4 

Minnesota.. 

11.2 

82.2 

1.1 

45.1 

Mississippi 

13.0 
10.9 

3.2 

.1   !         17.4 

Missouri 

.2 

.7 
.3 

56.2 

Montana                .  . 

3.3 

4.1 

8.1 

Nebraska 1 

59.9 

60.2 

Nevada _ 

112.4 

112.4 

New  Hampshire 

1.0 

7.2 

.4 

5.8 

14.1 

15.1 

13.9 

170.4 

3.7 

... 

.1 
.4 

.1 

1.0 

North  Carolina 

7.2 

North  Dakota 

20.0 

102.1 

15.7 

138.2 

Oklahoma 

5.8 

14.1 

South  Carolina 

22.2 

37.4 

South  Dakota. 

25.2 

3.0 

5.5 
82.4 

47.7 

Te.xas 

253.2 

Virginia 

15.1 

18.9 

Washington.. 

18.  i 

18.1 

West  Virginia 

15.3 

2.5 
28.8 

."5' 

17.8 

Wisconsin 

29.3 

Wyoming 

8.9 

8.9 

Total 

144.2         59.9  1       149.9 

34.8 

238.3 

37.3 

498.1 

5.2 

1, 167. 7 

Table  26. — Mileage  of  Federal-aid  roads  approved   for  stage  construction  on 
June  30,  1929,   by  types  of  construction,   by  States 


State 

Graded 

and 
drained 

Sand- 
clay 

Gravel 

Water- 
bound 
mac- 
adam 

Bitumi- 
nous 
mac- 
adam 

Bitumi- 
nous 
concrete 

Portland 

cement 

concrete 

Bridges 

Total 

Alabama 

14.3 

14.3 

Arizona 

28.9 

0.5 

29.4 

Arkansas 

0.0 
8.3 

-'.'-"'.'.'. 

6.0 

California 

7.3 

3.9 

19.5 

Colorado 

6.6 

5.8 

12.4 

Iowa. 

63.9 

10.0 

8.2 

16.8 

2.7 

9.5 

16.6 

91.4 

17.5 

""b'7' 

63.9 

Kansas.. 

1.5 

1 

11.5 

Louisiana 

1 

8.2 

Maryland 

1 

16.8 

Massachusetts... 

1 

3.4 

Michigan 

1 

9.5 

Minnesota 

1 

16.6 

Missouri 

91.4 

Nebraska... 

115.3 

1.9 

134.7 

Nevada... 

92.4 

92.4 

North  Dakota 

222.0 

9.9 

231.9 

Ohio.. 

19.2 
10.5 

.1 
... 

19.3 

Oklahoma 

6.6 

17.1 

Oregon 

44.6 

44.8 

South  Dakota 

1.2 
9.2 

27.4 
12.6 

28.6 

Texas 

117.2 
3.1 

.1 

139.1 

Virginia 

3.1 

Washington. 

11.7 

11.7 

West  Virginia 

12.3 

12.3 

Wyoming 

10.3 

17.1 

27.4 

Total 

48.1 

115.3 

289.8 

16.5 

160.4 

6.6 

427.5 

1.1     V  nfi.*;  s 
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Table  27. — Net  changes  in  the  types  of  Federal-aid  improvements  on  the  Federal- 
aid  highway  system  during  the  fiscal  year  1929  ^ 


State 

Graded 

and 
drained 

Sand- 
clay 

Gravel 

Water- 
bound 
mac- 
adam 

Bitu- 
minous 
mac- 
adam 

Bitu- 
minous 
concrete 

Portland 
cement 
concrete 

Brick 

Bridges 

Total 

Alabama 

77.3 
56.3 
53.2 
21.9 
6.2 

9.4 

-14.7 

25.7 
-31.8 
-3.8 
41.4 
54.3 

0.1 
11.5 

98.1 

.5 

18.1 

43.9 

79.4 

19.6 

13.4 

19.8 

27.1 

8.3 

159.0 

203.1 

253.6 

88.8 

20.2 

17.1 

9.8 

28.7 

8.4 

145.1 

113.1 

21.9 

110.8 

4.1 

2.4 

.3 

20.9 

43.0 

11.0 

293.7 

131.6 

'"z'¥ 

----- 
9.4 

2.1 
•    1.1 
2.5 
2.0 
3.9 
1.5 

.T 

.2 
.4 
.9 
.5 
.3 
1.2 
1.1 
2.6 
.2 

212.7 

Arizona 

5."4" 
5.3 

13.6 

-3.1 

31.9 

........ 

36.5 

Arkansas     

66.9 

California 

23.5 
9.0 

170.0 
158.1 

Connecticut 

22.8 

Delaware.  

-.1 
101.3 
57.3 

17.2 

Florida 

.2 

6.9 

16.4 

43.4 

3.0 

-126.  6 

156.3 

103.3 

5.0 

-.2 

4.8 

-7.9 

-69.8 
-22.9 
168.7 

""i7."5' 
15.8 
-.1 

11.6 
16.3 
5.7 

63.2 

107.2 

Idaho      

207.4 

Illinois 

203.2 

Indiana 

206.6 

Iowa.- 

"'es.'S' 

50.4 
6.4 
7.7 
20.7 
22.8 

177.6 

11.6 
19.7 

-.1 
13.6 

337.1 

Kentucky 

Louisiana 

165.6 
45.4 

8.6 

1.0 

3.1 

-2.6 

10.4 
35.6 
49.4 

51.8 

5.1 

9.0 

-3.9 

70.4 

Massachusetts 

.1 

-6.2 

-260.8 

76.8 

-48.1 

229.1 

-16.2 

-20.9 

-.4 
.4 
.  7 
1.6 
.9 
1.0 
1.7 
.1 
-.9 

69.6 

Michigan 

Minnesota 

.1 
195.8 
21.1 
12.2 
4.6 
89.3 
-.2 

.'i' 

2.6 

"Bie.T 

-4.3 

132.9 
48.8 

Mississippi 

Missouri 

"-4.T 
-1.9 

"-is.'g" 

3.8 

.5 
-6.0 
-.1 

1.5 

101.9 

3.8 

.9 

iT 

.4 

122.9 
68.0 

Montana 

239.6 

Nebraska 

Nevada 

595.8 
63.0 

New  Hampshire. 

-.5 
.4 

27.1 

New  Jersey 

.9 

86.6 

11.9 

-7.3 

457.9 

1.2 

44.3 

New  Mexico 

28.9 
8.7 
15.1 
84.5 
39.0 
113.0 
16.3 
33.7 



"-io.T 

-21.8 

1.3 
.2 

127.8 

New  York 

3.4 

317.9 

North  Carolina. 

.4 

129.6 

North  Dakota 

.1 
8.0 

520.7 

Ohio    

32.6 
18.7 
10.8 

3.4 
23.6 

87.3 
77.9 

34. 6  ,        1. 1 
8 

207.2 

Oklahoma 

234.0 

Oregon 

14.9 

1.0 
1.6 

43.0 

Pennsylvania 

-.1 

2.5 
61.8 

200.7 

7.5 

85.2 

4.5 

153.6 

256.2 

7  9 

235.9 

Rhode  Island 

19.0 

7.7 

4.0 

-.1 

16.0 

29.0 

6.0 

51.3 

j 

29.0 

South  Carolina- 
South  Dakota 

.1 

40.4 

-89.9 

-138.  2 

10.6 

26.3 
9.3 

7.6 
417.7 

."i" 

10.4 
7.0 

"-5.'i" 

j        3.5 

1          .5 

I        2.1 

.1           2.7 
.1 

182.2 
476.4 

Tennessee ... 

7.0 

72.8 

Texas 

-.1 
-.9 

-48.9 

58.1 

5.5 

-3.7 

27.6 

5.5 

-31.1 

64.8 

98.2 

Utah 

111.8 

Vermont 

16.1  , .1 

21  5                            ^ 

27.7 

Virginia     

.1 

25.3 

45.2 

-62.3 

140.1 

11.0 

'-25.'4" 
-.8 

3.1 

78  7 

Washington 

23.6 

19.8 

121.5 

t          .2 

76.7 

West  Virginia 

Wisconsin 

Wyoming.. 

-.1 
-.1 
5.9 

11.1 

.1 

21.2 

-8.8 

-5.3 
.5 

.2 
1.0 
.9 
.3 

76.4 

9.2 

232.1 

Hawaii 

8.6 

3.2 

3.3 

Total. 

1,056.3 

562.4 

1, 292. 8 

189.1 

627.6 

200.5 

3, 101.  3 

47.9  1      44.4 

1 

7, 022. 3 

•  Net  decreases  in  mileage  of  certain  types  due  to  abandonment  and  revision  of  plans  indicated  by  minus 
sign. 
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Table  28. — Federal-aid,  apportionment,  and  amounts  paid  to  the  States  for  the 
fiscal  year  1929,  and  the  unobligated  halance  of  the  total  apportionment  on 
June  SO,  1929 


state 


Apportionment 
fiscal  year  1929 


Paid  to  States 

during  the  fiscal 

year  1929 


Unobligated 
balances  of  total 
apportionment 
on  June  30,  1929 


Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware. 

Florida.. 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts. . . 

Michigan 

Minnesota 

Mississippi 

Missouri. 

Montana 

Nebraska 

Nevada 

New  Hampshire. 

New  Jersey 

New  Mexico 

New  York 

North  Carolina... 

North  Dakota 

Ohio 

Oklahoma. , 

Oregon 

Pennsylvania 

Rhode  Island 

South  Carolina... 

South  Dakota 

Tennessee 

Te.xas 

Utah 

VeNnont 

Virginia 

Washington 

West  Virginia 

Wisconsin 

Wyoming 

Hawaii 


Total. 


$1, 547, 483.  00 
1, 059, 081.  00 

1,  281,  785.  00 
2, 486, 415. 00 
1,383,401.00 

474,  213. 00 

365, 625. 00 

901,311.00 

1,980,015.00 

932, 962. 00 

,  3,135,225.00 

1, 921, 463.  00 

2, 035, 291. 00 

2, 062, 196.  00 

1,421.029.00 

1, 019, 282. 00 

681, 431. 00 

634, 906.  00 

1, 088, 808.  00 

2,  209,  596. 00 
2, 112,  595.  00 
1,  309, 729. 00 
2, 404,  347. 00 

1,  552,  576. 00 
1, 584, 981.  00 
■    957,995.00 

365, 625.  00 
935, 122.  00 
1, 189,  361.  00 
3, 629, 879.  00 
1,715,910.00 
1, 193.  440.  00 

2,  757, 964.  00 
1, 749, 066.  00 
1, 189, 707.  00 

3,  333,  786.  00 
365,  625.  00 

1, 059,  533.  00 
1,223,981.00 
1,612,012.00 

4,  502,  576.  00 
848, 093.  00 
365, 625. 00 

1, 437, 548. 00 

1, 143,  226.  00 

793,  796.  00 

1, 864,  212.  00 

939, 547. 00 

365, 625.  00 


73, 125, 000. 00 


$1, 627,  208. 67 
1, 309, 267.  51 
1,377,002.44 
3, 433, 055. 14 
1, 803, 610. 66 
1, 059, 461. 12 
142, 185. 23 
894, 258. 16 

1. 446. 496. 98 
1, 270, 906. 07 
5, 682,  636. 43 
2, 374, 265. 04 

2. 704. 154. 16 
2,005,221.08 
1, 504, 667. 75 

886,  Oil.  42 
229,  792. 30 
712, 060. 20 

825. 636. 10 
3, 090,  670. 12 
2,  216, 048.  53 

1. 306. 196. 99 
2, 422, 487.  79 

1. 923. 168. 90 
1,  225, 896.  80 

863, 467. 12 

365, 278. 82 

768, 902.  44 

2, 106,  513.  24 

3, 761, 689.  93 

1,716,874.85 

1. 325. 962. 17 

3. 937. 359. 91 
1,  614,  336.  80 

544. 205. 11 
3,801,073.14 

402, 771. 00 

816,484.11 

1, 107, 488. 48 

2, 245, 874. 99 

4, 191, 191.  70 

1,066,011.51 

406, 248.  51 

1,  297, 653.  57 

1, 498, 282.  57 

1, 090, 621. 80 

2, 438,  786.  46 

1, 165, 778.  45 

92, 158. 11 


82,097,380.38 


$2, 243, 
2, 653, 
2, 104, 

821, 
1, 673, 

558, 

47, 

1, 965, 

2, 018, 

856, 
2, 642, 

134, 


381.  25 
890. 02 
522. 21 
207. 18 
794. 83 

722. 80 
336. 16 
926. 62 
492. 49 
815. 71 
000.00 

519. 81 


1, 144, 

757, 

1, 150, 

1,111, 

213, 

1, 787, 

1,424, 

410, 

1,361, 

136, 

3, 613, 

2, 539, 

204, 

188, 

625, 

1, 153, 

4, 295, 

1,721, 

982, 

2, 755, 

913, 

1,430, 

1, 855, 

548, 

886, 

371, 

1, 096, 

36, 

361, 

62, 

7.58, 

917, 

77, 

338, 

313, 

1, 072, 


315. 96 
788. 11 
105.  07 
122. 42 
725. 37 
319. 03 
179.  67 
000. 00 
970. 25 

556. 02 
761. 84 
681. 66 
689. 18 
125.  54 
470. 08 
455. 48 
740.  68 
786.  21 

621. 03 
365.  68 
425. 83 
698.  62 
478. 52 
347.  68 
629. 83 
595. 94 
306.  59 
517. 80 

621. 97 
786. 68 
318. 82 
100. 03 
371. 86 
759. 36 
862.  69 
664. 16 


56, 339, 874. 64 


NATIONAL  FOREST  ROAD  CONSTRUCTION 

In  the  forest  road  system  there  are 
14,165.7  miles,  of  which  12,014.5  miles 
are  in  the  States  of  the  mountain  and 
Pacific  groups  and  Alaska.  All  ap- 
propriations for  forest  roads  are  ex- 
pended upon  this  system. 

As  shown  by  Table  29,  the  mileage 
of  class  1  highways,  upon  which  it  is 
planned  to  expend  approximately  70 
per  cent  of  each  annual  appropria- 
tion until  they  are  completed,  is  now 
1,144.4  miles,  of  which  822.6  miles  are 


in  the  Western  States.  These  are  the 
more  important  highways  which  are 
necessary  sections  or  extensions  of  the 
Federal-aid  system  wholly  within  the 
forest  areas.  The  class  2  highways 
which  also  extend  the  Federal-aid  sys- 
tem, are  increased  by  recent  addi- 
tions to  a  total  of  7,256.6  miles,  of 
which  7,018.5  miles  are  in  the  West. 
The  class  3  highways,  those  that  serve 
principally  the  communities  within  the 
forests  now  aggregate  5,764.7  miles,  of 
which  4,173.4  miles  are  in  the  Western 
States  and  Alaska. 
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Table  29. — Classified  mileage  of  forest  highway  system,  ty  States 


state 

Mileage  of  forest  highway  system 

Class  1 

Class  2 

Class  3 

Total 

Western: 

Alaska 

378.8 
243.0 
784.9 
495.0 
351.1 
381.0 

97.0 
199.0 
441.0 

63.0 
299.0 
311.6 
129.0 

378  8 

Arizona 

174.0 
321.5 

491.0 
989.6 
1, 228. 0 
738.1 
657.2 
376.4 
211.0 
872.4 
169.0 
458.0 
472.8 
355.0 

908  0 

California .  . 

2, 096.  0 
1,  723.  0 

Colorado. 

Idaho 

1  089  2 

Montana... 

147.4 

1  185  6 

Nevada 

473  4 

New  Mexico 

115.0 
58.0 
2.0 

525  0 

Oregon 

1  371  4 

South  Dakota 

234.0 

Utah... 

757.0 

Washington. 

4.7 

789.1 

Wyoming 

484.0 

Total 

822.6 

7, 018.  5 

4, 173. 4 

12  014  5 

Eastern: 

Alabama 

41.0 
20.0 

106.0 
99.0 
11.0 
55.0 

142.0 
28.8 
56.5 

199.0 
33.0 

173.0 
40.0 

169.0 

269.0 

149.0 

41.0 

131.0 

51.0 

.7 

202.0 

Florida... 

106.7 

99.0 

Maine 

11.0 

Michigan 

13.4 
38.5 

68.4 

Minnesota 

41.0 

221  5 

28  8 

New  Hampshire  .     ..                               .             .. 

18.3 
49.0 

15.5 

90  3 

North  Carolina .^         

248.0 

Oklahoma 

33.0 

Pennsylvania.. 

24.5 

197.  5 

South  Carolina. 

6.0 
71.0 
38.0 

4.0 

46.0 

Tennessee 

58.0 

298.0 

Virginia 

307.0 

West  Virginia.. 

153.0 

Total- 

321.8 

238.1 

1,  591.  3 

2, 151.  2 

Grand  total .                  ..          

1, 144.  4 

7,256.6 

5,  764.  7 

14, 165. 7 

As  shown  by  Table  30,  the  improve- 
ment of  315.4  miles  of  forest  highways 
of  all  classes  was  completed  during  the 
year.  Of  this  total  298. 1  miles  were 
in  the  Western  States  and  Alaska,  and 
the  remaining  17.3  miles  were  in  the 
forests  of  two  Eastern  States. 


The  total  mileage  upon  which  im- 
provements have  been  completed  t^ 
date,  including  the  results  of  the  last 
year's  work,  is  4,090.7  miles,  of  which 
3,782  miles  are  in  the  West  and  308.7 
miles  in  the  East. 


WMit  '■  Table  30. — Mileage  of  completed  forest  highway  projects,  by  States 


Mileage    of    forest 
highway  projects 
completed. 

State 

Mileage    of   forest 
highway  projects 
completed. 

state 

During 
1929 

Total  to 

June  30, 

1929 

During 
1929 

Total  to 

June  30, 

1929 

Western: 

Alaska..   .- 

19.6 

46.7 

32.8 

23.8 

21.9 

2.6 

2.8 

17.5 

73.2 

1.5 

15.9 

19.9 

19.9 

204.5 
307.9 
316.9 
332.2 
484.3 
367.2 
110.8 
188.1 
647.1 
46.2 
300.9 
215.9 
260.0 

Eastern: 

Alabama 

5.1 

Arizona . 

Arkansas 

3.1 

59.8 

California 

Florida 

64.2 

Colorado 

Georgia       .              . 

21.4 

Idaho 

Michigan                   . 

8.1 

Montana 

Minnesota    ..  

14.2 

48.8 

New  Hampshire 

3.6 

North  Carolina 

36.3 

Oregon. 

South  Carolina 

16.0 

South  Dakota 

Tennessee  .  .      .  

33.5 

Utah 

Virginia..  .  

11.9 

Total 

17.3 

308.7 

Grand  total 

Total 

298.1 

3,  782.  0 

315.4 

4, 090.  7 
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Although  the  mileage  upon  which 
improvements  were  completed  during 
the  year  exceeds  the  mileage  completed 
during  the  preceding  year  by  more 
that  12  per  cent,  the  increase  is  inci- 
dental rather  than  the  result  of  any 
enlargement  of  the  construction  pro- 
gram. The  latter  is  limited  by  the 
amount  of  the  annual  appropriations 
authorized,  which  have  been  un- 
changed for  several  years. 

The  policy  of  restricting  the  greater 
part  of  the  expenditure  to  the  improve- 
ment of  the  major  roads  within  the 
forests  is  in  accord  with  the  similar 
policy  which  has  yielded  such  satisfac- 
f(iry  results  in  the  improvement  of  the 
State  roads.  But  even  when  so  re- 
stricted the  sums  available  annually 
for  forest-road  construction  do  not  per- 
mit the  improvement  of  the  system  at 
a  rate  consistent  with  the  improvement 
of  the  roads  outside  the  forest  areas. 
With  less  than  a  third  of  the  system 
improved  to  any  degree,  and  much 
that  has  been  improved  in  need  of 
further  improvement,  it  will  be  many 
years  before  the  entire  system  can  be 
adequately  constructed  at  the  present 
rare,  and  meanwhile  the  inadequacy  of 
the  forest  roads  will  be  thrown  into 
sharper  relief  by  the  rapidly  improv- 
ing condition  of  the  Federal-aid  and 
State  roads  with  which  they  connect. 
Under  the  present  circumstances  the 
most  that  can  be  done  to  serve  the  in- 
creasing traffic  upon  a  large  portion 
of  the  mileage  is  to  keep  the  roads 
passable  by  maintenance,  and  this  will 
be  done.  But  increased  appropriations 
are  urgently  needed  if  the  roads 
through  the  forest  areas  are  to  be  pre- 
vented from  becoming  serious  ob- 
stacles in  the  path  of  a  rapidly  in- 
creasing traffic. 

Among  the  more  important  improve- 
ments completed  during  the  fiscal  year 
ai-e  sections  of  the  Johnson  Pass,  Point 
Agassiz,  and  Texas  Creek  highways  in 
Alaska  :  the  Pine-Long  Valley  highway 
in  Arizona ;  the  Howard  Road  in  Ar- 
kansas ;  the  Bear  Valley,  Idyllwild, 
Quincy-Beckwith,  and  Truckee-Myers 
highways,  and  the  San  Marcos  exten- 
sion in  California ;  the  Eagle-Thomas- 
ville.  Mount  Evans,  and  Ward-Ray- 
mond highways,  and  the  road  from 
Nederland  to  State  rou'te  26  in  Colo- 
rado ;  the  Enarville-]\Iurray  project, 
and  the  Lewis  and  Clark,  Sawtooth 
Park,  and  Victor-Invin  highways  in 
Idaho  :  the  Grand  Marais-Gunflint,  and 
Winnibigoshish  Dam-Bena  Road  proj- 
ects in  Minnesota ;  and  in  Montana  the 
Clark  Pork  and  Columbia  Falls- 
Glacier  Park  projects. 


In  Nevada  the  Glenbrook-Spooners 
section  of  the  Glenbrook  highway  has 
been  completed;  and  in  New  Mexico 
a  section  of  the  Datil-Reserve-Dry 
Creek  project.  Also  completed  are  sec- 
tions of  the  Canyon  City-Burns,  Hepp- 
ner-Spray,  John  Day-Pilot  Rock, 
Mount  Hood-Wapinitia  and  Salmon 
River  highways  in  Oregon ;  the  Dead- 
wood-Custer-Hot  Springs  highways  in 
South  Dakota  ;  the  mountain  section  of 
the  Vernal-Manila  highway  in  Utah ; 
the  Metaline  and  Tonasket-San  Poll 
highways  in  Washington ;  and  the  Day- 
ton-Kane, Encampment-Slater,  Gran- 
ite Creek-Shell,  and  Jackson  Park 
highways  in  Wyoming. 

The  construction  of  a  number  of  im- 
portant bridges  was  also  completed 
during  the  year.  Among  these  may 
be  mentioned  a  railroad  overpass  on 
the  Truckee-Myers  project  in  Califor- 
nia ;  the  bridges  on  the  Pritchard  sec- 
tion of  the  Enarville-Murray  project  in 
Idaho,  and  in  the  same  State  the  Sin- 
clair Bridge  and  its  approaches,  and 
the  Ketchum-Clayton  Bridge ;  the 
bridge  <n-er  Hell  Roai'ing  Creek  on  the 
West  Gallatin  project  and  the  bridges 
on  the  Saltese  section  of  the  Yellow- 
stone Trail  in  Montana ;  and  in  Wash- 
ington the  Sullivan  Creek  bridges  on 
the  Metaline  highway. 

Additional  work  involving  surfacing 
and  in  some  cases  reconstruction  w-as 
completed  on  the  following  projects: 
In  Alaska,  the  Moose  Pass,  Salmon 
River,  Tongass,  Glacier,  and  Peters- 
burg highways ;  in  Arizona,  the  Main- 
Grand  Canyon  Highway  ;  in  California, 
the  Truckee-Myers  Highway ;  in  Colo- 
rado, the  Berthoud  Pass  Highway ;  in 
Montana,  several  sections  of  the  West 
Gallatin  Highway  and  the  Y.  G.  B. 
Line  Highway;  in  New  Mexico,  the 
Cimarron-Taos,  Navftjo  Canyon,  Alpine 
Reserve,  and  Canoncito-Pecos  high- 
ways ;  in  Oregon,  the  John  Day-Pilot 
Rock,  Klamath  Falls-Lakeview,  San- 
tiam,  and  Oregon  Caves  highw^ays ;  in 
Utah,  the  Cedar-Long  Valley,  and 
Heber-Fruitland  projects ;  in  Washing- 
ton, the  Lake  Chelan  extension ;  and 
in  Wyoming,  the  Teton  Pass  section  of 
the  Teton  Highway. 

ROAD  CONSTRUCTION  IN  THE  NATIONAL 
PARKS 

In  the  national  parks  where  the 
bureau  is  supervising  the  improvement 
of  the  more  important  roads  under  an 
agreement  with  the  National  Park 
Service  of  the  Department  of  the  In- 
terior, the  year's  work  brought  to  com- 
pletion the  improvement  of  100.7  miles 
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of  park  roadway,  increasing  the  total 
thus  far  improved  to  213.4  miles.  At 
the  close  of  the  year  construction  was 
in  progress  on  113  miles  and  surveys 
were  under  way  on  209  miles  more. 

This  work  is  directed  toward  the 
eventual  improvement  of  a  system  of 
major  park  roads  in  which  there  are 
now  included  1,509.7  miles.  The  mile- 
age included  in  the  system  and  the 
parks  within  which  it  is  located,  to- 
gether with  the  record  of  completion 
during  the  last  year  and  to  date,  are 
shown  in  Table  31. 

Table  31. — Tlie  program  of  national- 
park  road  improvement,  and  the 
m/ileage  of  roads  improved  under  the 
supervision  of  the  Bureau  of  PuMic 
Roads 


Mileage 
of  the 
pro- 
gram 

Mileage  com- 
pleted under 
the  supervision 
of  the  bureau 

National  park 

During 
the 
fiscal 
year 
1929 

Total 
to  June 
30,  1929 

Crater  Lake 

70.5 
145.9 
122.1 
1.56.  7 
218.6 

84.5 

3.8 
24.6 

2.2 

25.6 

.5 

4.3 

21.4 

Glacier.    ... 

30.2 

Mount  Rainier 

14.0 

Grand  Canyon 

33.9 

Yosemite 

27.9 

Sequoia 

23.2 

General  Grant 

4.0 

Lassen  Volcanic 

39.5 
64.4 

1.6 

369.2 

22.4 

83.6 

47.3 

4.5 

5.4 

73.5 

7.8 
6.9 

""20.1" 
4.6 

13.6 

Rocky  Mountain 

Devil's  Tower  National 
Moniimpnt 

8.7 
.3 

Yellowstone 

20.4 

Zion.. 

4.6 

Hawaii 

11.2 

Mesa  Verde.- 

Acadia 

Wind  Cave 

Mount  McTTinley 



Total 

1,  509.  7 

100.7 

213.4 

Of  outstanding  interest  among  the 
projects  completed  during  the  year  are 
the  East  Rim  Road  in  Zion  Park,  and 
the  west  side  section  of  the  Trans- 
mountain  Highway  in  Glacier  Park. 
Both  of  these  projects  involved  con- 
struction of  an  exceptionally  difficult 
order.  In  the  4.6-mile  length  of  the 
former  there  is  more  than  a  mile  of 
tunnel ;  in  the  latter  the  road  is  hewn 
out  of  the  rock  face  of  the  famous 
Garden  Wall, 

Both  are  of  great  importance  aside 
from  their  value  as  means  of  develop- 
ing and  giving  access  to  previously 
isolated   portions    of   the   parks.     The 


Zion  Park  road  is  a  link  in  the  new 
route  which  will  eventually  connect  the 
railhead  at  Cedar  City,  Utah,  with  the 
north  rim  of  the  Grand  Canyon  in 
Arizona,  and  thence  by  way  of  the 
House  Rock  Valley  and  the  new  Lees 
Ferry  Bridge  with  the  Arizona  road 
system  south  of  the  canyon.  The 
Transmountain  Highway,  as  its  name 
implies,  will  connect  the  two  sides  of 
Glacier  Park  and  the  adjoining  country 
hitherto  separated  by  the  impassable 
mountain  wall. 

Other  important  projects  brought  to 
completion  during  the  year  are  the 
Anna  Springs-Crater  Lake  Highway  in 
Crater  Lake  Park ;  the  Babb  section  of 
the  Babb-Many  Glacier  Highway  in 
Glacier  Park;  the  Grand  View  section 
of  the  Grand  Canyon-Grand  View 
Road,  the  south  entrance  road,  and 
the  Village  and  Yacqui  Point  spur 
roads  in  Grand  Canyon  Park ;  the 
southwest  entrance  and  summit  sec- 
tions in  Lassen  Volcanic  Park :  the 
White  River  section  of  the  Yakima 
Park  Road  in  Mount  Rainier  Park  ;  the 
Bear  Lake  project  in  Rocky  Mountain 
Park :  three  sections  of  the  General's 
Highway  in  Sequoia  Park;  and  in 
Yellowstone  Park,  the  Gibbon  Canyon 
and  West  Gallatin  roads  and  a  sec- 
tion of  the  Sylvan  Lake-Lake  Butte 
Road. 

RESTORATION      OF      FLOOD  -  DAMAGED 
ROADS   IN    SEVERAL   STATES 

In  the  agricultural  appropriation  act 
for  the  fiscal  year  1929,  approved  May 
16,  1928,  appropriation  was  made  as  a 
contribution  in  aid  from  the  United 
States  for  the  relief  of  the  States  of 
Vermont,  New  Hampshire,  and  Ken- 
tucky which  suffered  serious  loss 
through  the  damage  and  destruction 
of  roads  and  bridges  by  the  floods  of 
1927.  The  act  provided  that  the  suras 
appropriated  should  be  expended  by 
the  State  highway  departments  of  the 
respective  States  with  the  approval  of 
the  Secretary  of  Agriculture  for  the 
restoration  of  the  roads  and  bridges 
damaged  or  destroyed,  in  such  manner 
as  to  give  the  largest  measure  of  per- 
manent relief.  To  obtain  the  benefit 
of  the  Federal  appropriation  the  three 
States  were  required  by  the  act  to  ap- 
propriate from  State  funds  an  amount 
equal  to  the  contribution  of  the  Gov- 
ernment. 

A  similar  appropriation  was  made 
by  the  War  Department  appropriation 
act  for  the  fiscal  year  1930,  approved 
February   28,   1929,   for   the   relief   of 
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the  States  of  Missouri,  Arkansas, 
Louisiana,  and  Mississippi  in  con- 
sideration of  tile  damage  to  roads  and 
bridges  caused  by  tlie  lieavy  flood  in 
tlie  Mississippi  River  and  its  tribu- 
taries in  tlie  same  year. 

As  required  by  these  acts,  rules  and 
regulations  for  carrying  out  their  pur- 
poses were  promulgated  by  the  Secre- 
tary of  Agriculture,  for  tlie  flrst  men- 
tioned on  June  26,  1928,  and  for  the 
second  on  April  19,  1929. 

The  several  States  have  complied 
with  the  requirements  of  the  two  acts 
with  respect  to  the  appropriation  of 
equal  State  funds ;  and  the  work  of 
restoration  is  well  advanced  in  Ver- 
mont, New  Hampshire,  and  Kentucky. 
A  considerable  part  of  the  money  ap- 
propriated to  each  of  these  States  has 
been  obligated  to  definite  projects  and 
payments  have  been  made  in  the 
amounts  hereafter  reported  for  work 
done.  In  the  Mississippi  Valley  States 
the  work  was  later  in  getting  under 
way  and  no  payments  from  F'ederal 
funds  have  yet  been  made. 

The  appropriations  made  for  the  re- 
lief of  the  several  States  were  as  fol- 
lows: For  the  State  of  Vermont, 
$2,654,000;  for  the  State  of  New 
Hampshire.  $053,000;  for  the  State  of 
Kentucky,  $1,889,994;  and  for  the 
States  of  Missouri,  Arkansas,  Louis- 
iana, and  ]Mississippi,  the  total  sum 
of  $3,654,000. 

The  amounts  of  the  respective  ap- 
propriations obligated  to  definite  proj- 
ects up  to  the  close  of  the  fiscal  year 
in  Vermont,  New  Hampshire,  and  Ken- 
tucky, and  the  amounts  paid  to  each 
on  the  basis  of  work  completed  are 
shown  in  Table  32.  The  mileage  of 
roads  improved  in  each  of  these  States 
up  to  June  30,  and  the  corresponding 
total  costs  and  Federal  payments  are 
shown  in  Table  33.  Similar  informa- 
tion with  regard  to  other  projects  un- 
der construction  and  approved  at  the 
end  of  the  fiscal  year  is  given  in 
Tables  34  and  35 ;  and  the  mileage  of 
the  several  types  of  roads  completed, 
under  construction,  and  approved  for 
construction  on  June  30  is  shown  in 
Table  36. 


Table  32. — Flood  relief  appropriated, 
amounts  paid  to  the  States,  and  the 
unohlhjated  balance  of  the  appro- 
priation on  Juno  30,   1929 


state 

Appro- 
priated 

Paid  to  the 

States  to 
June  30, 1929 

Unobli- 
gated 
balance 

Vermont 

New    Hamp- 
shire  

Kentucl^y 

$2,654,000 

653, 000 
1,889,994 

$1,  654,  646.  63 

107,141.90 
155,336.53 

$144,976.30 

21,177.33 
1,502,298.78 

Total... 

5,196,994 

1,917,124.90 

1,  668,  452. 41 

Table  33. — Total  cost,  flood  relief,  and 
mileage  of  roads  improved  to  June 
30,  1929 


State 

Total  cost 

Flood  relief 

Mileage 

Vermont 

New  Hamp- 
shire  

$1,742,883.88 
632,  045.  58 

$858,  783.  70 
316,022.75 

21.1 

7.7 

Total.. 

2,  374,  929.  46 

1,174,806.45 

28.8 

Table  34. — Total  cost,  flood  relief,  and 
mileage  of  roads  under  construction 
on  June  30,   1929 


state 

Total  cost 

Flood  relief 

Mileage 

Vermont 

New  Hamp- 
shire  

Kentucky 

$3, 621, 056.  92 

540,988.06 
652,  990.  48 

$1,  650,  240.  00 

270,  494. 01 
326,  495.  22 

37.5 

14.2 
29.2 

Total.. 

4,815,035.46 

2,  247,  229.  23 

80.9 

Table  35. — Total  cost,  flood  relief,  and 
mileage  of  roads  approved  for  con- 
struction on  June  30,  1929 


State 


New  Hampshire - 
Kentucky. _. 


Total. 


Total 
cost 


Flood 
relief 


$91,211.82l$45,  605.  91 
160,900.00]  61,200.00 


252,111.821106,805.91 


Mileage 


1.6 
15.1 


16.7 
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Table  36. — Mileage  of  the  various  types  of  flood  relief  roads  completed,  under 
construction,  and  approved  for  construction,  June  30,  1929,  in  the  States  of 
Vermont,  New  Hampshire,  and  Ketitucky 


Vermont 

New  Hampshire 

Kentucky 

Type  of  construction 

Approved 
for  con- 
struction 

Under 
con- 
struc- 
tion 

Com- 
pleted 

Approved 
for  con- 
struction 

Under 
con- 
struc- 
tion 

Com- 
pleted 

Approved 
for  con- 
struction 

Under 
con- 
struc- 
tion 

Graded  and  drained. 

15.1 

29.1 

Gravel 

3.3 
9.1 
3.6 
17.4 
4.1 

3.S 

Water-bound  macadam 

4.9 

2.9 
2.3 
1.9 
.6 

Bituminous  macadam    

Portland  cement  concrete  ._ 

15.0 
2.3 

1.6 

9.2 

.1 

.1 

Total 

37.5 

21.1 

1.6 

14.2 

7.  7              1 5. 1 

29.2 

MOUNT    VERNON    MEMORIAL    HIGHWAY 

As  the  fi.scal  year  closed  the  detailed 
survey .s  for  the  Mount  Vernon  Me- 
morial Highway  had  been  completed 
and  plans  for  all  parts  of  the  road 
were  well  advanced.  Every  possible 
effort  is  being  put  forth  in  the  devel- 
opment of  the  plans  to  make  this  road 
one  of  the  most  attractive  in  North 
America.  The  alignment  as  designed 
is  a  succession  of  long,  easy  curves ; 
the  grades  rise  and  fall  gently  with 
the  natural  roll  of  the  hills ;  the  cut 
and  fill  banks  will  be  cut  to  flat  slopes 
and  rounded  so  as  to  merge  with  the 
natural  topograph ;  and  the  bridges 
of  which  there  are  several,  including 
an  important  highway  grade  separa- 
tion structure  at  the  south  end  of  the 
present  highway  bridge  over  the  Poto- 
mac, will  be  graceful  flat  arches  faced 
with  native  stone. 

Special  attention  has  been  given  to 
the  provision  of  adequate  parking 
space  at  Mount  Vernon  and  at  several 
points  along  the  way,  and  to  features 
of  design  and  location  which  will  af- 
ford a  maximum  of  safety  at  intersect- 
ing and  entering  roads. 

Some  delay  has  been  experienced  in 
the  procurement  of  rights  of  way  along 
the  river  location  which  was  selected 
as  the  line  to  be  followed ;  but  it  is 
anticipated  that  it  will  be  possible  to 
begin  construction  of  the  hydraulic  fill 
along  the  river's  edge  at  the  north  end 
early  in  the  next  fiscal  year,  and  that 
properties  that  still  remain  to  be  ac- 
quired will  be  had  in  time  to  permit 
continuance  of  the  construction  with- 
out further  delay. 

It  is  the  purpose  to  complete  the 
highway  by  1932  in  order  that  it  may 
be  oflicially  opened  and   dedicated  as 


an  incident  of  the  celebration  of  the 
bicentennial  of  the  birth  of  Washing- 
ton in  that  year. 

INTERNATIONAL    ROAD    CONGRESS    AND 
PAN  AMERICAN  HIGHWAY  ACTIVITY 

In  preparation  for  the  Sixth  Inter- 
national Road  Congress,  which,  at  the 
invitation  of  the  United  States  Con- 
gress, is  to  be  held  at  "Washington 
from  October  6  to  11,  1930,  there  is  a 
great  deal  of  preliminary  work  to  be 
done,  much  of  which  necessarily  de- 
volves upon  the  bureau,  and  this  work, 
including  the  preparation  of  advance 
notices  of  the  congress,  the  nomination 
of  American  engineers  to  serve  as 
reporters  upon  the  various  subjects 
proposed  for  discussion,  the  making 
of  arrangements  for  transportation  of 
foreign  delegates  by  steamship  and 
railroad  lines,  has  already  been  begun. 

This  congress  will  bring  to  the 
United  States  a  large  number  of  the 
best-qualified  highway  engineers  of 
foreign  countries  for  a  discussion  of 
road  problems  of  mutual  interest  and 
concern  to  all  countries. 

The  Sixth  International  Conference 
of  American  States,  at  Habana,  Cuba, 
by  resolution  adopted  by  the  confer- 
ence, recommended  to  the  Pan  Ameri- 
can Congress  of  Highways,  which  will 
meet  at  Rio  de  Janeiro  in  August  of 
the  pre.sent  year,  the  consideration 
and  adoption  of  agreements  looking  to 
the  construction  of  a  Pan  American 
highway  connecting  the  continents  of 
North,  Central,  and  South  America. 

By  joint  resolution,  approved  May 
4,  1928,  the  United  States  Congress, 
taking  cognizance  of  the  above-men- 
tioned resolution,  requested  the  Presi- 
dent to  direct  the  several  agencies  of 
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the  Government  to  lend  such  coopera- 
tion and  assistance  as  may  be  feasible 
and  appropriate  with  a  view  to  having 
the  matter  of  the  proposed  highway 
thoroughly  considered  by  the  approach- 
ing Pan  American  Congress. 

By  another  joint  resolution,  ap- 
proved March  4,  1929,  Congress  author- 
ized the  appropriation  of  $50,000  to 
enable  the  Secretary  of  State  to  coop- 
erate with  the  several  governments, 
membei's  of  the  Pan  American  Union, 
in  reconnaissance  surveys  to  develop 
the  facts,  and  to  report  to  Congress  as 
to  the  feasibility  of  possible  routes, 
the  probable  cost,  the  economic  serv- 
ice, and  such  other  information  as  will 
be  pertinent  to  the  building  of  an 
inter-American  highway  or  highways. 
It  is  expected  that  this  bureau  will 
he  called  upon  to  assist  in  such  a  sur- 
vey when  it  is  undertaken ;  but,  owing 
to  the  fact  that  the  appropriation  au- 
thorized was  not  made  at  the  last 
session  of  Congress,  no  definite  action 
has  yet  been  taken  in  response  to  the 
resolution. 

Subsequently,  however,  the  Presi- 
dent appointed  representatives  of  the 
United  States  to  the  Pun  American 
Congress  of  Highway.^,  naming  me,  as 
Chief  of  the  Bureau  of  Public  Roads, 
as  one  of  the  representatives.  In  con- 
nection with  this  appointment,  it  has 
been  necessary  to  give  some  prelimi- 
nary study  to  the  feasibility  of  tlie 
projiosed  highway  and  other  matters 
of  mutual  interest  to  the  countries  of 
the  two  continents  which  will  be  con- 
sidered  at   the  forthcoming   congress. 

TRAFFIC  SURVEY  ON  FEDERAL  -  AID 
HIGHWAY  SYSTEM  IN  THE  WESTERN 
STATES 

As  the  fiscal  year  closed,  agreements 
had  been  negotiated  between  the  bu- 
reau and  the  States  of  Washington, 
Oregon,  California,  Idaho,  Nevada, 
Utah.  Arizona,  Wyoming,  Colorado, 
New  Mexico,  and  Nebraska,  providing 
for  the  cooperation  of  the  several 
States  and  the  bureau  in  a  compre- 
hensive and  coordinated  survey  of 
traffic  on  the  Federal-aid  highway  sys- 
tem within  these  States. 

In  the  course  of  the  survey,  which 
will  cover  a  period  of  a  year,  the  usage 
of  all  parts  of  the  system  in  these 
States,  involving  a  total  of  more  than 
33,000  miles,  will  be  determined  by 
periodic  counts  of  the  number  of  ve- 
hicles of  all  classes  passing  survey 
stations  located  at  suitable  points.  In 
addition  to  showing  the  volume  of 
traffic  on  each  section  of  the  system, 


at  all  seasons  of  the  year,  the  data  to 
be  collected  will  also  indicate  the 
points  of  origin  and  destination  of  the 
traflSc,  and  in  each  State  the  propor- 
tion of  intrastate  to  interstate  traffic. 

Of  considerable  sentimental  interest 
will  be  the  indications  of  the  survey 
concerning  the  present  traffic  on  the 
historic  western  trails.  Data  will  be 
obtained  along  the  full  length  of  the 
Oregon  Trail  from  Omaha  to  Port- 
land, first  traveled  by  pioneer  wagon 
trains  in  1843.  Many  of  these  old 
routes  of  pioneer  travel  are  now  fol- 
lowed closely  by  modern  roads  on 
which  the  long-distance  bus  has  taken 
the  place  of  the  stage  coach  of  former 
days.  The  routes  from  Omaha  to 
Denver,  Salt  Lake  City,  and  San  Fran- 
cisco; from  Denver  to  Santa  Fe  and 
Los  Angeles ;  and  the  Pacific  coast 
route  from  Seattle  to  Los  Angeles  are 
among  those  upon  which  data  relat- 
ing to  bus  transportation  will  be  ob- 
tained. 

The  improvement  of  these  main 
roads  of  the  Western  States  has  now 
progressed  to  such  an  extent  as  to  per- 
mit of  the  utilization  of  practically  all 
parts  of  the  system  without  insur- 
mountable obstruction  or  serious  in- 
convenience, so  that  it  may  be  assumed 
that  in  tlie  main  the  relative  impor- 
tance of  the  various  routes  has  been 
established  by  their  usage.  The  de- 
termination of  the  extent  of  usage  of 
each  route  and  section  of  route  at  this 
time  will  therefore  provide  informa- 
tion of  great  value  to  guide  the  further 
improvement  of  the  system. 

The  data  to  be  collected  in  regard  to 
the  origins  and  destinations  of  vehicles 
will  serve  to  indicate  the  extent  to 
which  the  system  as  at  present  desig- 
nated fails  to  furnish  facilities  for  di- 
rect movement  from  point  to  point, 
thus  indicating  the  need  for  the  addi- 
tion of  new  routes.  This  type  of  data 
will  also  give  information  as  to  the 
usage  of  the  roads  of  each  State  by 
vehicles  registered  in  other  States, 
thus  providing  a  measure  of  the 
amount  of  tourist  travel,  a  matter  of 
considerable  interest  to  the  Western 
States. 

STUDIES     OF     HIGHWAY     PRODUCTION 
PROBLEMS 

In  this  field  the  work  of  the  past 
jear  which  is  worthy  of  special  men- 
tion has  dealt  with  four  problems  as 
follows:  (1)  Development  and  im- 
provement of  such  means  and  methods 
of  field  operation  as  will  permit  the 
best    possible   utilization    of    the   full 
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production  capacity  of  the  equipment 
and  organization;  (2)  effect  on  rate  of 
pvoductioji  and  unit  costs  of  certain 
rather  common  iiractices  in  present- 
day  liighway  work;  (3)  tlie  applica- 
tion of  production  engineering  metliods 
to  low-cost  bituminous  construction ; 
and  (4)  development,  in  cooperation 
witli  tlie  various  State  highway  depart- 
nients,  of  a  uniform  standard  outline 
for  a  system  of  fiscal  records  and  cost 
accounting. 

Modern  road  building  is  essentially  a 
maniifacturing  ijrocess  in  which  large 
arrays  of  movable  plant  and  equip- 
ment instead  of  stationary  factories 
are  utilized  to  produce  a  finished  prod- 
uct in  permanent  place  on  the  right 
of  way  instead  of  in  producing  goods 
in  a  factory.  As  in  much  manufac- 
turing work,  the  daily  cost  of  oi^erating 
a  modern  road-building  plant  is  nearly 
independent  of  the  rate  of  production. 
Consequently,  the  most  effective  way 
to  decie;!se  unit  production  costs  is  to 
increase  the  rate  of  production.  Thus, 
the  studies  of  the  bureau  show  that 
tiie  daily  cost  of  operating  a  modern 
concrete-paving  plant  is  about  $400 
per  day  whether  the  daily  production 
of  pavement  be  500  or  1,000  feet.  If 
the  daily  production  is  only  500  feet, 
the  operating  cost  is  80  cents  per 
lineal  foot,  whereas  if  production  is 
1,000  feet  per  day  the  operating  cost 
is  reduced  to  40  cents  per  lineal  foot. 

The  question  thus  becomes :  How 
can  this  higher  rate  of  production  be 
attained  and  maintained  without  im- 
pairing the  quality  of  the  finished 
product?  The  answer  is  found  (1)  in 
eliminating  or  reducing  the  time  losses 
and  waste  motions  connected  with  all 
direct  operations ;  (2)  in  coordinating 
and  synchronizing  the  rate  of  produc- 
tion of  the  various  subsidiary  opera- 
tions with  the  key  equipment;  and  (3) 
in  finding  ways  and  means  of  elimi- 
nating unnecessary  operations  and  of 
ex]iediting  those  which  are  really 
necessary. 

But  before  the  highway  industi'y 
can  profit  from  this  work  of  the  bu- 
reau the  ways  and  means  devised  must 
be  applied  to  actual  field  conditions. 
For  this  reason  the  engineers  of  the 
bureau  work  almost  entirely  on  se- 
lected, typical,  going  projects  and  in 
cooperation  with  the  contractor,  his 
superintendent,  and  the  various  high- 
M^ay  officials  in  charge  of  the  work. 
The  maintenance  of  quality  is  always 
the  first  consideration.  Nothing  is  per- 
mitted which  might  in  any  way  reduce 
the  quality  below  that  called  for  in 
the  contract.     With   the  maintenance 


of  quality  established  as  the  first  es- 
sential, the  conditions  are  studied  and 
analyzed  until  the  causes  of  tha  low 
production  are  located,  when  the  study 
changes  to  devising  ways  and  means 
for  their  reduction  or  elimination.  As 
an  example  of  the  success  which  is 
often  met  in  this  work  of  reducing 
time  losses  and  synchronizing  opera- 
tions, mention  may  be  made  of  a  con- 
crete-pavement project  during  the  past 
season  in  Wisconsin.  The  average  rate 
of  production  on  this  project  when  the 
bureau's  engineers  began  their  studies 
was  134  square  yards  of  pavement  per 
hour.  After  the  causes  of  the  low  rate 
of  production  had  been  located  and 
ways  for  their  reduction  had  been 
pointed  out  to  the  contractor  and  put 
into  effect  the  rate  of  production  rose 
to  an  average  of  202  square  yards  per 
hour^ — an  increase  of  slightly  more 
than  50  per  cent  in  the  rate  of  produc- 
tion, with  practically  no  increase  in 
the  daily  cost  of  operation.  Not  all 
projects  on  which  work  has  been  done 
present  the  possibility  of  such  great 
improvement.  But  very  few  projects 
have  been  found  on  which  an  increase 
of  10  per  cent  or  more  in  the  rate  of 
production  was  not  possible  without 
any  corresponding  increase  in  the  cost 
of  operation. 

The  number  of  contractors  with 
whom  the  bureau  can  cooperate  di- 
rectly in  such  demonstrations  is.  of 
course,  limited.  Those  whose  projects 
are  analyzed  have  brought  to  their 
notice  means  by  which  their  practice 
may  be  made  more  efficient,  and 
almost  invariably  they  welcome  the 
l)ureau's  suggestions  and  benefit  by 
them  not  only  on  the  particular  proj- 
ect studied  but  also  in  other  contracts 
which  they  subsequently  obtain.  But 
the  benefits  of  this  work  extend  far 
beyond  the  partcular  contractors  and 
engineers  with  which  the  bureau  co- 
operates directly.  The  several  con- 
tractor's associations  have  manifested 
keen  interest  in  the  methods  developed 
and  the  results  obtained  and  through 
these  associations  the  principles  de- 
veloped have  been  widely  dissemi- 
nated, thereby  reaching  and  influenc- 
ing the  operations  of  an  ever-widen- 
ing circle  of  road  builders.  Engineers 
of  the  States  and  counties  are  ap- 
])ris:^d  of  the  results  of  the  studies 
through  reports  published  in  the  bu- 
reau's journal  of  highway  research, 
Public  Roads,  and  by  means  of  papers 
presented  at  national  and  local  engi- 
neering meetings.  In  these  ways  the 
benefits  of  these  studies  have  been 
widely   txtendcd,   ajjd    the    principles 
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and  methods  developed  are  being  suc- 
cessfully applied  by  a  large  and  in- 
creasing gTOup  of  the  most  progressive 
and  responsible  contractors. 

In  ruad-grading  work,  solid  rock, 
shale  or  hardpan  is  frequently  en- 
countered. Before  materials  of  this 
character  can  be  moved  they  must 
usually  be  blasted.  Occasionally  the 
blasting  is  such  as  to  loosen  and  break 
up  the  material  very  well,  but  more 
often  it  is  only  sufficient  to  break  the 
material  into  pieces  too  large  to  be 
readily  handled  by  the  power  shovel. 
A  study  has  recently  been  completed 
which  shows  that  well-blasted  rock  or 
shale  can  be  handled  by  a  good  power 
shovel  about  as  fast  as  ordinary  com- 
mon excavation,  but  that  poorly 
blasted  rock  reduces  this  average 
rate  of  operation  by  at  least  30  per 
cent.  In  actual  pay  yardage  as  meas- 
ured in  the  cut,  the  average  decrease 
due  to  poor  blasting  is  not  less  than 
10  cubic  yards  per  hour  and  may 
readily  be  three  times  as  much.  Fur- 
thermore, because  of  the  excessive 
wear  and  tear  on  the  equipment,  the 
hourly  operating  cost  of  a  power  shovel 
is  actually  higher  when  working  in 
poorly  blasted  material  than  when 
working  in  well-blasted  material. 
Poor  blasting,  therefore,  is  at  present 
a  source  of  considerable  direct  and 
unnecessary  expense  to  the  grading 
contractor  and  to  the  taxpayer  who 
must  finally  pay  the  cost.  Naturally, 
the  large  extent  of  the  loss  has  not 
been  appreciated  or  the  practice  that 
causes  it  would  not  have  been  toler- 
ated. The  bureau  will  now  undertake 
to  bring  about  a  correction  of  these 
practices  by  the  various  means  that 
have  been   described  above. 

Attempts  have  been  made  during  the 
past  year  to  find  elfective  ways  and 
means  of  applying  the  principles  of 
production  engineering  to  the  construc- 
tion of  low-cost  bituminous  roads. 
This  type  of  construction  is  new  and 
neither  methods  nor  equipment  have 
as  yet  attained  any  considerable  de- 
gree of  standardization.  Some  of  the 
operations  involved,  such  as  the  mixing 
of  oil  and  stone  particles  in  place  on 
the  road,  present  problems  \\hich  have 
not  arisen  in  connection  with  any 
other  type  of  construction.  Lacking 
«quipmen!  designed  especially  for  the 
new  purposes,  available  equipment  in- 
tended for  other  purposes  is  being  em- 
ployed ^^'ith  obvious  lack  of  efficiency. 
The  bureau  has  undertaken  a  study  of 
the  problems  presented  by  these  new 
types    of    construction,    and    will    en- 


deavor to  suggest  means  and  equip- 
ment adapted  to  attain  the  ends 
sought  with  greater  facility  and  econ- 
omy than  is  at  present  possible. 

During  the  past  year  the  bureau  has 
assisted  several  States  in  the  installa- 
tion of  uniform  accounting  and  statis- 
tical procedures  designed  to  supply 
full  and  complete  records  of  expendi- 
tures and  accomplishments  in  the 
fields  of  highway  construction,  main- 
tenance, and  administration.  Basically 
this  work  consists  in  making  use  of 
bookkeeping  and  tabulating  machines 
and  in  the  development  of  standard 
definitions  of  operations  and  of  prac- 
tices and  the  setting  up  of  standard- 
ized accounts  thereunder.  Further  de- 
velopments of  this  work  and  adoption 
of  such  uniform  systems  of  accounting 
by  the  several  States  will  make  pos- 
sible comparison  of  the  costs  of  con- 
st luction  and  maintenance  of  roads  as 
carried  on  in  each  of  the  States — a 
comparison  which  is  not  at  present  pos- 
sible because  of  the  dissimilar  forms 
of  records  kept.  Such  comparisons 
when  they  can  be  accurately  drawn 
will  be  helpful  to  all  States  as  an  index 
of  the  need  for  correction  of  their 
practice,  and  will  be  especially  useful 
as  a  means  of  supplying  data  not  now 
available  with  regard  to  the  cost  of 
maintaining  the  various  types  of  roads 
under  various  conditions  of  traffice, 
climate,  topography,  and  soil. 

PHYSICAL  RESEARCHES 

SUBGRADE   INVESTIGATIONS 

In  previous  annual  reports  mention 
has  been  made  of  the  subgrade  investi- 
gations which  have  been  carried  on 
continuously  for  several  years  and 
which,  on  account  of  the  fundamental 
nature  of  the  problems  involved,  are 
considered  as  among  the  most  impor- 
tant of  the  physical  researches  with 
which  the  bureau  is  concerned. 

General  experience  and  observation, 
supplemented  by  special  investigations, 
have  disclosed  that  the  performance  of 
road  surfaces  is  greatly  influenced  by 
the  stability  of  the  subgrade,  that  is, 
its  resistance  to  lateral  flow  under 
load ;  by  volume  changes  in  the  sub- 
grade  material  due  to  variations  in 
moisture  content ;  by  its  elastic  prop- 
erties ;  the  degree  of  uniformity  of  the 
.'U]>port  which  it  furnishes;  the  occur- 
rence of  heaving  due  to  frost  action  ; 
and  the  presence  or  absence  of  certain 
chemical  constituents. 

The  investigations  which  are  being 
conducted  have  for  their  ultimate  pur- 
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pose  the  determination  of  tlie  physical 
laws  governing  the  beliavior  of  soils 
and  the  identification  of  the  soil  con- 
stituents which  exert  a  major  in- 
fluence on  behavior  ;  the  detei-mination 
of  the  extent  to  which  the  characteris- 
tics of  soils  are  influenced  by  their 
constituents  and  the  extent  to  which 
they  are  influenced  by  the  natural 
conditions  in  which  the  soils  occur ; 
the  development  and  standardization 
of  tests  which  will  permit  a  laboratory 
identification  of  soils  and  the  develop- 
ment of  methods  for  identifying  and 
mapping  subgrade  soils  in  the  field; 
the  classification  or  grouping  of  soils 
with  respect  to  their  eflaciency  as  sub- 
grades  and  the  correlati(»n  of  this 
grouping  with  the  existing  classifica- 
tion wiiicli  has  been  developed  for 
agricultural  purposes:  and  the  deter- 
mination of  methods  for  correcting  un- 
desirable subgrade  conditions. 

The  procedure  followed  includes 
laboratory  investigations  of  soils  to 
learn  the  physical  laws  which  govern 
stability,  shrinkage,  expansion,  com- 
pressibility, elasticity,  and  heaving  due 
to  frost;  and  other  laboratory  inves- 
tigations of  the  extent  to  which  difEer- 
ent  tests  disclose  the  physical  charac- 
teristics of  soils  and  permit  the  identi- 
fication of  the  soil  constituents  upon 
which  these  characteristics  depend. 
Closely  correlated  with  these  labora- 
tory investigations  there  is  a  field 
examination  of  road  failures  involving 
variations  in  road  type,  character  of 
soil  and  its  moisture  content,  climate, 
and  amount  of  trafl[ie.  recording  for 
subsequent  analysis  the  results  fur- 
nished by  these  examinations  with  re- 
spect to  type,  design,  age,  and  condi- 
tion of  road  surface,  drainage  condi- 
tions, topography,  the  underlying  soil 
profile,  and  the  soil  characteristics  as 
disclosed  by  the  laboratory  tests. 
Similar  observations  are  made  of  roads 
on  which  have  been  used  such  correc- 
tive measures  as  drainage  improve- 
ments, subgrade  treatments,  and  sub- 
bases;  and  the  final  stage  will  involve 
the  construction  and  subsequent  ob- 
servation of  experimental  roads  in 
which  various  corrective  methods  have 
been  employed. 

The  investigations  have  been  con- 
tinued, as  in  the  past,  with  the  coop- 
eration of  the  Bureau  of  Chemistry 
and  Soils  and  various  State  highway 
departments  and  educational  institu- 
tions. 

The  investigation  of  heaving  due  to 
frost  action  is  illustrative  of  the  man- 


ner in  which  the  different  problems 
are  being  attacked.  It  has  been  ob- 
served frequently  that  certain  sections 
of  pavement  have  heaved  during  cold 
weather  to  an  extent  much  greater 
than  can  be  explained  by  the  expan- 
sion during  freezing  of  the  moisture 
originally  present  in  the  layer  of 
frozen  soil.  In  New  Hampshire,  with 
the  cooperation  of  the  State  highway 
department  and  tlie  Massachusetts  In- 
stitute of  Technology,  observations  of 
frost  heaving  have  been  made  during 
the  past  tv.'o  winters  to  determine  cli- 
matic conditions,  vertical  displacement 
of  the  pavement,  height  of  ground- 
water level,  depth  of  frost  penetration, 
and  character  of  ice  formation.  In- 
formation regarding  the  character,  con- 
dition, and  arrangement  of  the  under- 
lying soil  zones  has  also  been  obtained. 
In  an  extension  of  this  study,  designed 
to  permit  a  better  control  of  the  vari- 
able factors,  the  behavior  during  freez- 
ing and  thawing  of  New  Hampshire 
soils,  transported  to  the  campus  of  the 
Massachusetts  Institute  of  Technology^ 
has  been  observed  during  one  winter. 
These  investigations  have  been  supple- 
mented at  the  University  of  South 
Carolina  by  controlled  laboratory  stud- 
ies of  the  physical  laws  which  control 
the  growth  of  ice  crystals  during 
freezing,  and  at  the  Arlington  Experi- 
ment Farm  by  observations  of  the  rate 
of  heat  transfer  through  different  types 
of  pavements. 

As  a  result  of  these  studies  it  has 
been  found  that  excessive  heaving  ilue 
to  frost  action  is  caused  by  segrega- 
tion of  vhe  moisture  as  it  freezes  to 
form  layers  of  s  ilid  ice,  additional 
water,  which  is  in  turn  frozen,  being- 
drawn  up  through  the  soil  pores  from 
the  ground-water  level  below.  Under 
conditions  favorable  to  tins  action, 
very  thick  layers  of  ice  may  be  formed. 
Much  has  been  learned  regarding  the 
soil,  moisture,  and  climatic  conditi'nis 
which  promote  the  formation  of  these 
layers  of  ice  and  this  knowledge  sug- 
gests certain  corrective  measures 
which  may  be  usetl  to  advantage. 

The  subgrade  investigations  are  con- 
tinuous in  nature.  Although  definite 
accomplishments  can  now  be  reported, 
a  vast  am  )unt  of  work  remains  to  be 
done  in  the  solution  of  the  dilficult 
problems  which  are  encountered.  Dur- 
ing the  year  there  has  been  published 
an  instructive  report  summarizing 
much  of  the  present  knowledge  of  the 
subject  and  illustrating  the  possibil- 
ities of  utilizing  this  knowledge  as  a 
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guide  to  the  selection  of  proper  pave- 
ment type  and  ttie  proper  design  of 
the  type  selected. 

LOW-COST    BITUMINOUS    ROAD    INVESTIGATIONS 

The  investigations  in  the  develop- 
ment of  relatively  inexpensive  methods 
for  the  improvement  of  light-trafiic 
roads  are  being  continued  and  ex- 
tended to  meet  the  particular  needs  of 
various  sections  of  the  country. 

An  extensive  inspection  trip  by  tvpo 
members  of  the  bureau  staff  has  been 
made  through  nine  of  the  Western 
States  for  the  purpose  of  obseiTing 
the  results  which  are  being  obtained 
in  the  oil  treatment  of  crushed  rock 
and  gravel  roads.  As  a  result,  ar- 
rangements have  been  made  for  the 
construction  of  two  experimental  roads, 
one  in  California  and  one  in  Nebraska. 

As  mentioned  in  the  last  annual  re- 
port, these  oil  treatments  have  been 
used  extensively  in  the  Western  States 
and  with  marked  success.  However, 
nearly  aU  of  this  work  has  been  done 
with  light  fuel  oils  and  road  oils  and 
the  experimental  road  in  California  is 
being  built  to  study  the  possible  utility 
of  other  materials  such  as  asphaltic 
emulsions,  asphaltic  cements,  and  cut- 
back asphalts.  The  road  will  be  about 
10  miles  long  and  will  include  '20  ex- 
perimental sections.  The  work  is  being 
done  in  cooperation  with  the  division 
of  highways  of  the  California  Depart- 
ment of  Public  Works. 

A  considerable  portion  of  Nebraska 
is  included  in  what  is  known  as  the 
"  sand-hill  area,"  in  which  there  ex- 
ists very  little  satisfactory  road-build- 
ing material.  The  natural  soil  in  this 
area  is  a  fine-grained  sand,  lacking 
in  binding  material  and  entirely  un- 
suited  to  road  construction  in  its  nat- 
ural condition.  Some  treatment  is 
necessary  in  order  to  produce  a  road 
surface  adequate  even  for  the  com- 
paratively light  traffic  of  the  region. 
Treatments  of  extremely  sandy  soils 
with  bituminous  materials  have  been 
successful  elsewhere,  notably  in  Cali- 
fornia, and  some  preliminary  experi- 
mental construction  of  limited  extent 
in  Nebraska  has  given  promising  re- 
sults. In  order  to  develop  the  methods 
and  materials  most  suitable  for  use  in 
connection  with  the  sandy  soils  of  this 
area  arrangements  have  been  made  for 
the  construction  of  an  experimental 
road  about  9  miles  long  in  cooperation 
with  the  Nebraska  Department  of 
Public  Works. 


In  South  Carolina  the  cooperation 
with  the  State  Highway  Department 
in  the  bituminous  treatment  of  sand- 
clay  and  topsoil  roads  has  been  con- 
tinued and  extended.  Twenty-eight 
miles  of  experimental  highways  al- 
ready constructed  are  under  observa- 
tion and  4iV2  miles  of  bituminous  sur- 
facing on  sand-clay  and  marl  bases  is 
under  construction. 

To  supplement  the  intensive  studies 
carried  on  by  means  of  the  above-men- 
tioned experiments,  extensive  surveys 
are  in  progress  in  which  the  results 
of  methods  of  construction  developed 
by  State  and  local  highway  oflnicials  im 
ail  parts  of  the  United  States  will  be 
studied  and  compared.  The  common 
object  of  all  such  methods  is  the  pro- 
duction of  a  bituminous  road  surface 
of  moderate  cost  which  will  adequately 
serve  light  and  medium  trafiic ;  but 
various  materials  have  been  used  and 
various  methods  of  combining  the 
bituminous  and  nonbituminous  con- 
stituents have  been  developed. 

By  careful  study  of  the  methods 
and  materials  used  in  various  parts  of 
the  country,  by  comparison  of  the  re- 
sults obtained,  and  by  disseminating- 
the  information  gathered  it  is  expected 
that  the  better  methods  and  materials 
will  be  more  quickly  adopted  gener- 
ally, and  progress  in  the  development 
of  still  better  methods  and  materials 
will  be  accelerated.  In  these  surveys 
the  bureau  is  acting  in  cooperation 
with  the  Asphalt  Association,  repre- 
senting practcally  the  entire  road-as- 
phalt industry  of  the  United  States. 

MOTOR-TRUCK    IMPACT    INVESTIGATIONS 

The  investigation,  mentioned  in  the 
last  annual  report,  of  the  effect  on 
motor-truck  impact  of  the  use  of  resil- 
ient or  cushion  wheels  has  been  com- 
pleted and  a  report  issued.  The  study 
was  undertaken  with  the  thought  that 
new  developments  in  wheel  equipment 
might  be  as  effective  in  reducing  the 
impact  of  trucks  on  pavements  as  are 
improvements  in  tire  equipment.  The 
general  conclusion  which  resulted  is 
that  resilient  wheels  may  reduce  im- 
pact reactions  and  that  the  reductions 
may  be  negligible  or  important,  de- 
pending upon  the  construction  of  the 
wheel  and  the  tire  equipment  used. 
The  cushioning  properties  of  resilient 
wheels  are  much  more  pronounced 
with  solid  tires  than  with  pneumatic- 
tires.  The  data  obtained  are  of  par- 
ticular interest  to  those  who  are  con- 
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cerned  with  the  evaluation  of  the  road 
damage  resulting  from  the  use  of  va- 
rious types  of  motor-vehicle  equipment. 
The  major  activity  during  the  past 
years,  in  connection  with  the  impact 
investigations,  has  been  the  thorough 
study  of  the  accuracy  of  the  determi- 
nation of  impact  forces  by  the  meth- 
ods which  have  been  developed  by  the 
bureau.  This  study  has  been  made  in 
cooperation  with  the  Bureau  of  Stand- 
ards and  has  involved  extensive  work 
in  the  calibration  of  the  instruments 
used.  The  results  themselves  are  ex- 
tremely technical  in  nature  and  will 
be  of  little  general  interest,  but  they 
will  establish  the  degree  of  accuracy 
of  a  vast  amount  of  data  relative  to 
the  subject  of  the  impact  of  motor 
vehicles  on  roads  and  will  eliminate 
all  questions  regarding  the  instru- 
ments used  in  future  investigations. 

CONCRETE   INVESTIGATIONS 

One  of  the  first  and  most  important 
steps  preparatory  to  building  a  con- 
<'rete  road  is  the  selection  of  the  ma- 
terials of  which  the  concrete  is  to  be 
made  and  the  determination  of  the 
proportions  which  must  be  used  in 
order  to  produce  concrete  of  the  de- 
sired quality  Pavement  c(mcrete  dif- 
fers from  other  manufactured  prod- 
ucts only  in  that  it  is  manufactured 
at  the  place  of  use  rather  than  in  a 
mill  or  factory.  A  knowledge  of  the 
effect  on  its  quality  of  variations  in 
the  amount  and  character  of  the  con- 
stituent materials  is  as  important  to 
the  highway  engineer  as  is  the  accur- 
ate control  of  furnace  operation  to  the 
steel  manufacturer. 

Until  quite  recently  it  has  been  com- 
monly assumed  that  so  long  as  the 
mineral  aggregates  were  sound  and 
reasonably  hard  the  particular  kind  or 
character  of  aggregate  employed 
would  have  little,  if  any,  effect  on  the 
strength  of  the  concrete.  In  this  way 
such  prnpoitions  as  1:2:4,  1:3:6, 
etc..  indicating  projwrtions  by  volume 
of  cement,  sand,  and  coarse  aggregate, 
respectively,  came  to  be  rather  gen- 
erally accepted  as  indicating  concrete 
of  a  definite  class  or  quality.  How- 
ever, it  is  becoming  more  and  more  ap- 
parent, as  the  results  of  additional 
research  become  available,  that  the 
strength  ot  concrete  may  be  affected 
appreciably  by  the  kind  of  coarse  ag- 
gregate used.  It  has  become  evident 
that  if  concrete  mixtures  are  to  be  de- 
signed intelligently  consideration  must 


be  given  to  factors  other  than  simple 
volumetric  proportions. 

One  of  the  major  investigations  of 
concrete  completed  during  the  past 
year  was  an  extensive  series  of  tests 
to  detenuine  the  effect  of  the  kind  or 
type  of  coarse  aggregate  on  the 
strength  of  concrete.  Seventeen  dif- 
ferent aggregates  were  used,  of  which 
7  were  crushed  stone,  7  were  gravel, 
and  3  were  blast-furnace  slag.  The 
crushed  stone  ranged  from  a  very  hard, 
tough,  trap  rock  to  a  soft  limestone, 
while  the  gravels  included  the  glacial 
types  of  the  Northern  States,  sedi- 
mentary or  limestone  gravels,  and 
those  of  the  quartz  varieties.  Slags 
of  three  different  degrees  of  density 
were  used.  Over  2,000  concrete  speci- 
mens were  made  and  tested  in  this  in- 
vestigation. 

The  results  of  the  study  showed 
that,  other  things  being  equal,  a 
change  in  the  type  or  kind  of  coarse 
aggregate  used  in  the  mixture  may 
cause  a  very  considerable  change  in 
the  transverse  strength  of  the  con- 
crete, in  some  cases  as  much  as  30 
per  cent. 

One  of  the  aggregates  chosen  for 
study,  a  quartz  gravel,  when  used  in 
concrete  of  a  1 : 1.6 : 3  mix,  gave  an 
average  modulus  of  rupture  of  535 
poinids  per  square  inch,  while  a  lime- 
stone gravel  in  concrete  of  the  same 
proportions  gave  an  average  modulus 
of  650  pounds  per  square  inch.  In 
concrete  of  a  1:2:  41/2  mix  the  same 
materials  gave  average  moduli!  of  420 
and  520  pounds  per  square  inch,  re- 
spectively. The  significant  point  of 
this  comparison  is  the  fact  that  the 
limestone  gravel  in  the  lean  mix 
(1:2:4^4),  which  required  only  5 
sacks  of  cement  per  cubic  yai'd  of  con- 
crete, produced  concrete  of  practically 
the  same  strength  as  the  concrete  of 
the  richer  mix  (1:1.6:3)  containing 
the  quartz  gravel  and  requiring  6.6 
bags  of  cement  per  cubic  yard. 

On  the  assumption  that  it  is  desired 
to  build  a  concrete  pavement  of  a  cer- 
tain definite  strength,  and  that  these 
two  aggregates  are  both  available  and 
sell  at  approximately  the  same  price, 
the  use  of  the  aggregate  producing  the 
higher  strength  would  result  in  a  sav- 
ing, under  normal  price  conditions,  of 
at  least  $1,500  per  mile  of  18-foot  road- 
way. This  example  illustrates  the 
economic  advantage  of  a  definite 
knowledge  of  the  factors  which  affect 
the   quality   of   concrete   and   the   ra- 
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tional  application  of  this  knowledge  in 
the  design  of  concrete  mixtures. 

The  maxinium  amount  of  coarse  ag- 
gregate which  may  be  used  in  concrete 
mixtures  without  sacrifice  of  quality 
is  another  problem  of  importance. 
Other  things  being  equal,  the  greater 
the  proportion  of  solid  stone  or  gravel 
in  a  unit  volume  of  concrete,  the 
greater  is  the  durability  of  the  prod- 
uct from  the  standpoint  of  resistance 
to  weathering  action.  Also,  as  a  gen- 
eral rule,  an  increase  in  the  amount 
of  coarse  aggregate  reduces  the  cost 
of  the  concrete  since  there  is  a  rela- 
tively smaller  use  of  cement,  the  most 
expensive  element  of  concrete. 

On  account  of  the  extra  labor  in- 
volved in  the  hand  finishing  of  con- 
crete containing  a  high  percentage  of 
coarse  aggregate,  the  use  in  paving 
work  of  mixtures  containing  an  excess 
of  mortar  has  come  into  general  favor 
even  though  such  mixtures  may  not 
be  the  most  economical  from  the 
standpoint  of  the  cost  of  materials  and 
even  may  be  somewhat  deficient  in 
quality.  The  great  advances  which 
have  been  made  in  the  development  of 
mechanical  equipment  for  concrete- 
pavement  construction  and  the  general 
adoption  of  this  equipment,  with  the 
consequent  reduction  of  hand  labor, 
has  made  practicable  the  use  of  the 
harsher  concretes  which  are  produced 
when  appreciable  increases  are  made 
in  the  proportion  of  coarse  aggregate. 
Thus,  it  becomes  necessary  to  know 
the  effect  of  increases  in  the  amount 
of  coarse  aggregate  on  that  most  im- 
portant quality,  strength. 

For  the  purpose  of  studying  this 
problem  an  investigation  has  been 
started  which  involves  the  construc- 
tion of  a  concrete  pavement  9  feet  in 
Width  and  somewhat  over  a  half  mile 
in  length.  In  the  test  sections  of 
which  this  pavement  will  be  composed 
various  proportions  of  gravel,  crushed 
stone,  and  blast-furnace  slag  are  being 
used.  In  order  that  the  results  ob- 
tained may  be  representative  of  tliose 
which  might  be  secured  in  regular 
paving  work,  the  construction  is  being 
carried  on  with  mechanical  equipment 
of  the  latest  design,  including  weigh- 
ing batcher-plants  for  proportioning 
the  materials,  a  full-size  paving  mixer, 
and  finishing  machines. 

The  pavement  will  not  be  subjected 
to  traffic  but  will  be  cut  into  beams 
the  flexural  strength  of  whicli  will  be 
determined  by  testing.    The  investiga- 


tion includes  the  placing  of  more  than 
600  cubic  yards  of  concrete  and  the 
testing  of  about  5,000  specimens. 

Previous  work  by  the  State  High- 
way Commission  of  North  Carolina 
has  indicated  that  the  amount  of 
coarse  aggregate  commonly  used  in 
pavement  concrete  can  be  considerably 
increased  \\ithout  any  appreciable  re- 
duction in  strength.  If  these  findings 
are  corroborated  by  the  present  in- 
vestigation a  considerable  economic 
advantage  will  result. 

HIGHWAY-BRIDGE  INVESTIGATION 

In  the  construction  program  of  the 
Port  of  New  York  Authority  there  are 
included  a  number  of  long-span 
bridges,  the  mo.st  notable  of  which  is 
the  Hudson  River  Bridge  which  will 
have  a  main  span  of  3,500  feet,  the 
longest  suspension  bridge  in  the  world 
at  this  time.  Possible  improvements 
in  the  quality  of  concrete  used  in  the 
floor  slabs  of  bridges  and  possible  ad- 
vantages to  be  gained  by  the  use  of 
lightweight  concrete  in  the  floors  of 
long-span  bridges  are  mutters  of  gen- 
eral importance  in  the  highway  field 
and  of  immediate  importance  to  the 
Port  of  New  York  Authority.  The 
common  interest  in  these  problems  led 
to  a  cooperative  arrangement  between 
the  bureau  and  the  Port  of  New  York 
Authority  under  which  an  extensive 
series  of  tests  is  being  conducted  at  the 
Arlington  Experiment  Farm. 

The  program  involves  the  constnic- 
tion,  with  materials  and  methods  such 
as  might  be  used  in  the  construction  of 
bridge  floors,  of  22  concrete  slabs,  each 
6  feet  wide  and  22  feet  long.  Differ- 
ent aggregates  have  been  used,  includ- 
ing one  of  light  weight  which  resulted 
in  a  concrete  weighing  only  about  two- 
thirds  as  much  as  the  ordinary  prod- 
uct, and  different  vibratory  methods 
were  employed  in  placing  the  concrete 
for  the  purpose  of  increasing  its 
density  and  thereby  improving  its  qual- 
ity. The  large  slabs  were  subse- 
quently cut  up  into  smaller  pieces  of 
sizes  suitable  for  testing.  The  pro- 
gram includes  tests  to  determine  the 
strength  of  plain  and  reinforced  slabs, 
the  bond  strength  of  embedded  steel, 
and  the  density,  durability,  and  elastic 
properties  of  the  concrete.  The  testing^ 
work  is  approaching  completion  and 
it  is  indicated  by  the  data  thus  far 
available  that  infonnation  of  consid- 
erable value  to  highway  engineers  will 
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be  obtained.  It  is  anticipated  that  the 
resuLs  will  be  reported  during  the  next 
fiscal  year. 

DIVISION  OF  AGRICULTURAL 
ENGINEERING 

IRRIGATION  INVESTIGATIONS 

DUTY-OF-WATER  STUDIES 

A  report  covering  the  irrigation  re- 
quirements of  the  Columbia  River 
Basin  has  been  submitted  for  publica- 
tion, this  being  the  fourth  of  a  series 
of  five  publications  dealing  with  the 
requirements  of  various  large  areas  in 
the  West.  Studies  of  irrigation-water 
requirements  in  San  Diego  County, 
Calif.,  and  of  the  economic  duty  of 
water  in  the  Sacramento  Valley,  Calif., 
conducted  in  cooperation  with  the  Uni- 
versity of  California,  have  been  com- 
l)li^ted  and  reports  will  be  published  by 
the  cooperating  agency. 

The  cooperative  investigation  of  the 
penetration  and  storage  of  rain  falling 
upon  valley  floors  in  the  Santa  Ana 
Kiver  area  in  California  is  being  con- 
tinued. Soil  samples  have  been  taken 
regularly  during  selected  periods  from 
the  "  consumptive  use  of  water  "  plots, 
which  included  citrus,  walnuts,  peach- 
es, and  brush,  and  laboratory  deter- 
minations have  been  made  of  the 
moisture  content.  The  experiments  at 
Devil  Canyon  tunnels  on  rainfall  pene- 
tration are  being  continued,  but  the 
measurements  on  rate  of  evaporation 
and  transpiration  losses  from  the  river 
hed  under  field  conditions  were  tem- 
]>(irarily  discontinued  because  the  scant 
rainfall  during  the  rainy  season  re- 
sulted in  the  drying  up  of  Temescal 
Creek,  the  site  of  the  study.  During 
the  year  the  Army  air  service  in  the 
territory  made  an  airplane  survey  nf 
the  moist  area,  without  cost  tO'  the 
Bureau  of  Public  Roads.  Near  Santa 
Ana  and  San  Bernardino  daily  evapo- 
ration and  transpiration  losses  were 
measured  and  additional  tanks  in- 
stalled in  order  to  determine  the  ef- 
fect, if  any,  of  an  oil  film  on  the  rate 
of  evaporation  from  a  free  water 
surface. 

Investigations  to  determine  the  con- 
sumptive use  of  water  in  the  Sacra- 
mento-San Joaquin  Delta  have  been 
carried  on  since  1924,  under  coopera- 
tive agreement  with  the  State  of  Cali- 
fornia and  the  agricultural  experiment 
station.  The  delta  contains  nearly  a 
liair-million  acres  approximately  at 
sea  level,  and  is  traversed  by  a  net- 
work of  navigable  channels.     Even  at 


low  tide  the  water  surface  in  the  chan- 
nels is  higher  than  much  of  the  land. 
About  half  the  area  has  been  reclaimed 
by  the  interposition  of  some  1,500  miles 
of  levees.  Tlie  interior  of  the  region  is 
mostly  peat,  5  to  40  feet  or  more  in 
depth.  The  outlying  portions  and 
strips  along  the  natural  channels  are 
slightly  higher  and  are  currently  classi- 
fied as  sedimentary.  Water  (usually 
in  amounts  greatly  in  excess  of  crop 
requirements)  is  drawn  from  the  chan- 
nels through  culverts  and  siphons  and 
by  pumping.  Drainage,  consisting 
largely  of  excess  admitted  from  the 
channels,  is  returned  to  them  by  pump-- 
ing.  The  prevailing  system  of  distri- 
bution is  designed  for  subirrigation, 
but  surface  irrigation  is  practiced  to 
some  extent  on  sedimentary  lands. 

It  is  desirable  that  consumptive  use 
of  water  be  determined  on  large  tracts 
bearing  a  variety  of  crops,  on  individ- 
ual fields  of  single  crops,  and,  as  per- 
mitting the  maximum  of  precision,  on 
crop  plants  grown  in  soil  tanks.  The 
23,000  acres  of  sedimentary  land  in  the 
lower  unit  of  reclamation  district  No. 
999  present  exceptionally  favorable  con- 
ditions for  determining  the  use  on  a 
large  tract.  There  is,  however,  a 
gravel  stratum  30  feet  and  more  below 
the  ground  surface,  which  connects 
with  the  water  in  the  channels  and 
gives  rise  to  vertical  seepage.  On  Med- 
fcrd  Island,  consisting  of  1,200  acres 
of  deep  peat,  the  drainage  withdrawal 
in  the  irrigation  season  was  found  to 
be  almost  equal  to  the  amount  of  water 
admitted,  indicating  that  almost 
enough  water  for  the  crops  reached 
them  by  underground  paths.  The  use 
of  water  on  individual  fields  of  single 
crops,  on  both  peat  and  sedimentary 
lands,  has  been  determined  satisfac- 
torily in  some  instances.  The  methods 
employed  in  growing  crop  plants  in 
soil  tanks  are  believed  to  duplicate  al- 
most completely  the  essentials  of  field 
conditions.  By  taking  into  account 
the  factors  which  tend  to  make  prac- 
tical field  irrigation  relatively  less 
efficient,  the  tank  results  may  consti- 
tute a  principal  basis  for  the  estima- 
tion of  the  proper  share  of  the  delta 
lands  in  the  waters  of  the  rivers.  An 
additional  pertinent  use  of  the  tanks 
is  to  determine  the  consumptive  use  by 
aquatic  and  other  growths  which  pre- 
^?ent  a  material  demand.  Full-scale 
operations  on  sedimentary  lands  were 
suspended  at  the  close  of  the  season  of 
1928,  but  those  on  the  peat  lands  are 
still  in  progress. 

In  connection  with  these  investiga- 
tions, a  GO-inch  steel  siphon  was  rated 
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Hinder  coDditions  of  full  and  partial 
vacuum,  and  a  rod  with  electrical  con- 
nections was  devised  for  the  precise 
observation  of  water  levels  in  certain 
situations,  as  in  tube  wells,  where  the 
hook  gage  can  not  be  used. 

LOSS  OF  WATER  BY  EVAPORATION 

The  results  of  investigations  during 
fonner  seasons  have  been  brought  to- 
gether in  a  report  on  evaporation 
from  free-water  surfaces,  which  will 
be  submitted  to  authorities  on  the 
subject  for  review  and  criticism  in  the 
immediate  future.  Some  studies  are 
yet  to  be  made  on  large  reservoirs  to 
check  the  formula  dei'ived  as  a  result 
of  former  studies. 

PDMPING  FOR  IRRIGATION 

A  bulletin  on  pumping  for  irriga- 
tion and  drainage  is  in  preparation. 
The  bulletin  will  include  a  summary 
of  methods  and  practices  peculiar  to 
certain  representative  districts  in  the 
"West,  a  discussion  of  economic  prob- 
lems which  limit  the  profitable  utili- 
zation of  pumping  plants  in  irrigation 
practice,  an  outline  of  the  procedure 
to  be  followed  in  determining  whether 
or  not  a  pumping  venture  may  suc- 
cted.  a  description  of  the  types  of 
pumps  and  standard  equipment  and 
their  uses,  and  a  study  of  plant  efli- 
cienty  and  poAver  problems, 

DESIGN,  INVENTION,  AND  TESTING  OF  APPARATUS 

The  stud'es  of  desigia  and  behavior 
of  various  measuring  devices  and 
w^ater-stage  recording  instruments 
have  been  continued.  Some  note- 
M-orthy  progress  has  been  made,  es- 
p'^cially  in  extending  to  very  large 
dhnensions  the  Venturi  flume,  devel- 
oped by  members  of  the  Division  of 
Agricultural  Engineeruig.  This  has 
been  adopted  by  the  State  engineers 
of  two  Western  States  as  a  standard 
device  for  the  measurement  of  irriga- 
tion water  where  weirs  and  other 
calibration  devices,  because  of  topo- 
graphic or  other  conditions,  would  be 
inaccurate.  Studies  have  also  been 
made  of  a  new  adjustable  tube  meas- 
uring device.  Improvements  have 
bei-n  made  on  the  HofC  meter,  and 
some  new  water-stage  recording  de- 
vices have  been  developed. 

CONTROL   OF   GRAVEL  AND   SILT   IN   IRRIGATION 
CHANNELS  AND  RESERVOIRS 

This  investigation  is  now  confined 
to  the  Texas  field  where,  in  coopera- 
tion with  the   State  Board  of  Water 


Engineers,  the  silt-carrying  capacity  of 
several  selected  streams  and  rates  of 
deposit  in  certain  reservoirs  are  being 
studied.  Daily  water  samples  are 
taken  during  flood  and  normal  water 
stages,  and  analyses  are  made  of  the 
silt  content.  A  study  of  the  movement 
of  bed  silt  is  also  in  progress.  Due 
to  the  uncertainty  of  stream  flow  it  is 
not  possible  to  state  at  this  time  how 
long  it  will  be  necessary  to  continue 
these  studies. 

FLOW  OF  WATER  IN  DITCHES,  PIPES,  AND  OTHER 
CONDUITS 

The  manuscript  on  the  flow  of  water 
in  riveted  steel  and  analogous  pipes 
has  been  submitted  for  publication. 
The  study  of  the  flow  of  water  in 
flumes  is  being  continued  and  will,  in 
all  probability,  be  presented  in  the 
form  of  a  manuscript  for  publication 
during  the  coming  fiscal  year. 

CUSTOMS,    REGULATIONS,    AND    LAWS    RELATING 
TO    IRRIGATION 

Studies  begun  during  the  fiscal  year 
1928  in  cooperation  with  the  Oregon 
Agricultural  Experiment  Station,  in- 
volving the  engineering,  agricultural, 
and  general  economic  status  of  various 
irrigation  districts  in  Oregon,  were  con- 
tinued at  the  invitati<m  of  the  State 
Reclamation  Commission.  These  dis- 
tricts, organized  during  the  postwar 
period,  received  advances  from  the 
State  to  cover  interest  on  their  bonds 
for  periods  of  one  to  five  years,  to 
enable  the  farms  to  be  brought  into 
profitable  production  before  the  usual 
payments  for  construction  must  begin. 
These  advances  originally  were  to  be 
repaid  after  maturity  of  the  bonds. 

The  purpose  of  the  State's  plan  was 
not  accomplished.  Development  was 
not  speeded  up;  large  portions  of  the 
lands  are  still  untilled ;  and  most  of 
the  districts  have  been  unable  to  meet 
their  obligations.  Other  elements  of 
failure,  such  as  faulty  engineering, 
insufficient  water,  and  mistakes  of 
organization  and  management,  have 
entered  into  the  history  of  these  dis- 
tricts, as  they  have  elsewhere. 

The  studies  involved  8  of  the  14 
districts  assisted  by  the  State.  On  the 
basis  of  the  conditions  disclosed  a 
relief  measure  was  enacted  by  the 
legislative  assembly  of  1929,  by  which 
the  districts  may  be  relieved  of  their 
obligations  to  the  State  in  case  the 
bondholders  agree  to  readjust  their 
claims  on  bases  ascertained  to  be  eco- 
nomically justifiable.  Negotiations  are 
now  in  progress  between  most  of  the 
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districts  and  the  holders  of  their 
bonds  to  effect  such  settlements.  At  a 
previous  session  of  the  legislature  a 
law  was  enacted,  at  the  susgestion  of 
the  Division  of  Agricultural  Engineer- 
ing, which  provides  for  the  assess- 
ment of  bond-principal  obligations  on 
a  plan  of  individual  rather  than  joint 
liability. 

This  investigation  has  involved  a 
research  into  the  causes  of  the  distress 
of  a  group  of  districts  that  are  repre- 
sentative of  a  great  many  such  enter- 
prises throughout  the  West.  The 
lessons  taught  by  the  history  of  this 
group  are  to  be  discussed  in  a  report 
for  publication. 

OTHER  IRRIGATION  ACTIVITIES 

The  studies  of  the  reclamation  of 
alkali  land  in  cooperation  with  the 
Utah  and  Idaho  experiment  stations 
are  being  continued.  The  investiga- 
tion naturally  yields  results  very 
slowly.  There  is  no  hope  of  reaching 
any  very  definite  conclusions  as  to  the 
cost  and  feasibility  of  reclaiming 
alkali  tracts  during  the  coming  fiscal 
year,  but  it  is  felt  that  progress  has 
been  made  and  that  the  study  is  well 
worth   continuing. 

A  manuscript  on  the  discharge  of 
drains  serving  irrigated  lands  has  been 
prepared  during  the  fiscal  year  anu 
will  sliortly  be  submitted  for  publica- 
tion. Further  studies  of  drainage 
methods,  their  efficiency,  effectiveness, 
and  cost  are  being  carried  on  in  New 
Mexico,  Oregon,  and  Washington. 

DRAINAGE    INVESTIGATIONS 

RUN-OFF  MEASUREMENTS  AND  DITCH  CAPACITIES 

Ciiutinuiug  the  studies  of  many  pre- 
ceding years  to  determine  the  neces- 
sary capacity  of  ditches  and  other 
works  for  land  drainage,  investiga- 
tions were  made  relative  to  rates  of 
run-off  from  4  small  hilly  areas  in 
Little  River  Drainage  District  in 
southeastern  Missouri,  from  10  areas 
in  northeastern  Indiana,  and  from  1 
very  small  area  in  Iowa.  Continuous 
records  have  been  obtained  of  the  flow 
in  the  channels  draining  these  areas 
and  of  the  rainfall  upon  each  area,  and 
careful  descriptions  of  the  size,  shape, 
topography,  soil,  and  vegetative  cover- 
ing of  the  areas  have  been  prepared. 
Manuscript  reiwrts  of  run-off  investi- 
gations in  southern  Illinois,  in  south- 
eastern Arkansas,  and  in  Bolivar  and 
Washington  Counties,  Miss.,  have  been 
completed. 


Computations  of  the  sizes  of  ditches 
that  must  be  constructed  to  carry  pre- 
determined quantities  of  flow  are  based 
upon  some  formula  tliat  combines  the 
various  measurable  hydraulic  elements 
and  an  empirical  resistance  factor. 
Experiments  to  determine  values  of 
the  roughness  coefficient  in  the  Kut- 
ter-Chezy  formula  for  velocity  of  flow 
were  made  in  connection  with  the  run- 
off measurements  in  northeastern  In- 
diana. Accurate  measurements  of  dis- 
charge, water  slipe,  and  size  of  stream 
were  made  in  different  channels,  and 
compiled  with  detailed  descriptions 
of  the  condition  of  the  waterway  with 
respect  to  soil,  vegetation,  and  accumu- 
lation of  debris.  Similar  experiments 
were  made  on  a  large  floodway  cov- 
ered with  growing  timber  in  northeast- 
ern xirkansas.  A  report  showing  the 
results  of  such  measurements  made  in 
prior  years  in  eight  States,  with  rec- 
ommended values  to  be  used  for  the 
Kutter  roughness  coefficient  under  dif- 
ferent conditions,  is  now  in  press. 

SOIL-EROSION    INVESTIGATIONS 

The  studies  of  rates  of  run-off  and 
erosion  from  experimental  plots  near 
Raleigh,  N.  C,  in  cooperation  with  the 
State  experiment  station,  have  been 
continued.  The  appropriation  act  for 
the  fiscal  year  1929  provided  a  special 
fund  to  be  expended  by  the  Depart- 
ment in  study'ng  soil  erosion  and  its 
prevention.  The  fund  was  allotted 
among  the  Bureau  of  Public  Roads, 
the  Bureau  of  Chemistry  and  Soils, 
and  the  Forest  Service.  In  January, 
1929,  experiments  were  begun  on  a  100- 
acre  farm  near  Guthrie,  Okla.,  made 
available  by  the  Guthrie  Chamber  of 
Ci>mmerce.  Since  then.  75  acres  of 
that  farm  have  been  terraced  with  7 
miles  of  terraces ;  63  dams  of  different 
types  have  been  built  and  1.800  feet 
of  gullies  have  been  filled  with  brush 
to  check  eros'on ;  15  acres  have  been 
partly  cleared  and  grubbed ;  60  acres 
I'.ave  been  planted  in  cotton,  and  41 
acres  in  various  other  crops.  Addi- 
tional experiments  were  begun  in 
xVpril,  1929,  on  a  140-acre  farm  near 
Temple,  Tex.,  in  cooperation  with  the 
State  Agricultural  Experiment  Station. 
A  survey  and  map  of  the  farm  have 
been  made,  and  other  preliminary 
work  done.  About  15  acres  have  been 
terraced,  and  planted  in  cotton. 

The  purpose  of  the  soil-erosion  inves- 
tigations, which  have  been  conducted, 
with  slight  interniption,  since  1915,  is 
to  determine  the  most  practicable 
means  of  preventing  or  reducing 
erosion   of  agricultural  lands,  by  ter- 
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racing,   by  underdrainage,   or  by   cul- 
tural methods. 

Measurements  are  made  and  de- 
tailed data  are  collected  relative  to 
(3)  the  rate  of  movement  of  soil 
down  different  laud  slopes;  (2)  the  de- 
sign of  terraces  and  terrace  systems 
according  to  differences  in  soil  types, 
land  slopes,  and  rainfall  distribution; 
(3)  the  rates  of  run-off  and  of  soil  ero- 
sion from  terraced  and  unterraiced 
fields;  (4)  the  best  methods  of  con- 
structing terraces  with  different  kinds 
of  implements;  (5j  economical  meth- 
ods of  maintaining  the  terraces  in 
effective  operation;  (6)  the  effective- 
ness of  terraces  for  conserving  rain- 
fall, by  increasing  the  amount  ab- 
sorbed by  the  soil;  (7)  satisfactory 
methods  of  operating  farm  implements 
and  machinery  in  terraced  fields ;  (8) 
the  proper  design  and  construction  of 
different  types  of  soil-saving  dams  for 
checking  erosion  and  reclaiming  gul- 
lies; and  (9)  the  effectiveness  of  dif- 
ferent cover  crojis  in  reducing  or  pre- 
venting erosion,  on  terraced  and  on 
unterraced  lands.  Study  of  the  effec- 
tiveness of  deep  plowing,  subsoiling, 
and  underdrainage  in  checking  soil 
erosion  is  contemplated.  On  the  farm 
near  Temple  studies  of  level,  as  well 
as  of  sloping  terraces,  will  be  made 
and  crop  yields  on  terraced  and  un- 
terraced lands  will  be  compared. 

FLOW     AROUND    BRIDGE     PIERS    AND     CHANNEL 
BENDS 

Continuing  studies,  begun  in  1928, 
on  the  obstruction  of  bridge  piers  to 
fiow  of  water,  approximately  980  ex- 
periments were  made  at  the  hydraulic 
laboratory  of  the  University  of  Iowa. 
Twin  pier.s  were  used,  each  14  inches 
wide,  in  a  testing  canal  10  feet  wide, 
with  7  combinations  of  nose  and  tail 
shapes.  The  effects  of  the  piers  in  in- 
creasing the  depth  of  water  were 
measured  for  different  depths  and 
velocities  of  flow.  The  results  were 
consistent  with  those  obtained  in  1928 
and,  like  the  latter,  gave  coefficients 
for  various  bridge-pier  formulas  that 
differed  somewhat  from  those  obtained 
by  other  experimenters.  In  regard  to 
least  deviation  from  the  test  data,  the 
formulae  arranged  themselves  in  the 
following  order :  Nagler,  D'Aubuisson, 
Rehbock,  and  Weisbach. 

It  is  believed,  as  a  result  of  the  ex- 
periments, that  the  erosion  which  oc- 
curs around  the  base  of  the  up-stream 
end  of  piers  is  due  to  the  downward 
component  of  the  velocity  of  the  water. 
For  use  in  measuring  these  velocities, 
a  self-contained  instrument  that  com- 


Ijines  a  Pitot  tube  for  measuring  the 
velocity  and  a  current-direction  in- 
dicator for  registering  both  horizontal 
and  vertical  angles  has  been  designed, 
and  some  work  on  the  manufacture  of 
it  has  been  done. 

A  report  upon  the  effect  of  varia- 
tions in  direction  and  rapid  changes 
in  speed  of  flow  upon  the  registration 
of  current  meters  with  rod  suspension 
has  been  completed,  giving  the  results 
of  a  large  number  of  experiments  on 
11  types  of  current  meters  tested  in 
very  turbulent  flow  at  the  hydraulic 
laboratory  of  the  University  of  Iowa. 

A  model  of  Des  Moines  River  Valley 
at  Ottumwa,  Iowa,  was  constructed  in 
the  hydraulic  laboratory,  and  tests 
were  made  to  determine  the  probable 
effect  of  digging  cut-offs  across  two 
large  bends  in  the  channel.  The  ob- 
served results  on  the  model  checked 
closely  the  results  computed  for  the  ac- 
tual river  channel.  Construction  and 
observation  of  the  river  cut-offs  will 
yield  data  that  are  expected  to  be  of 
material  value  in  determining  the  gen- 
eral dependability  of  results  obtained 
from  models. 

OPERATION     AND     MAINTENANCE     OF     PUMPING 
PLANTS 

Something  like  500,000  acres  of  bot- 
tom laud  along  Illinois  River  and 
along  the  Mississippi  between  St.  Louis 
and  Savanna,  111.,  are  organized  in 
districts  that  have  constructed  levees 
for  flood  protection  and  pumping  plants 
for  drainage,  at  an  average  cost  ex- 
ceeding $40  per  acre.  The  annual  oper- 
ating costs  for  the  pumping  plants 
alone,  including  fixed  charges,  average 
probably  $1.50  per  acre.  Most  of  these 
districts  are  in  financial  difficulty,  and 
many  land  owners  have  lost  their 
farms.  Much  of  the  pumping  equip- 
ment is  inadequate  to  give  proper 
drainage,  and  is  inefficiently  operated. 

For  the  purpose  of  analyzing  the 
methods  and  costs  of  operating  and 
maintaining  these  plants,  records  and 
tests  on  15  plants  have  been  obtained 
in  the  last  few  years.  During  the  past 
year,  as  previously,  record  was  made 
of  rainfall,  run-off  pumped,  frequency 
and  duration  of  pumping,  lift  of  water, 
amount  of  fuel  or  power  used,  and 
costs.  Further  tests  of  pump  and  over- 
all efficiencies  were  made.  The  results 
emphasized  certain  conclusions  previ- 
ously stated,  that  eflSciency  is  greatly 
increased  and  power  cost  reduced  by 
adjusting  the  speed  of  the  pumps  to 
the  lift  of  the  water  and  by  keeping 
the  pumps,  piping,  and  screens  free  of 
trash.      Further,     it     was     apparent, 
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cleaning  of  ditchos  leading  to  the 
pumps  would  give  much  more  effective 
drainage  in  some  districts.  Third  and 
fourth  progress  reports  on  this  inves- 
tigation have  been  prepared,  giving  the 
records  and  conditions  of  pumping  at 
the  districts  under  investigation  dur- 
ing 1926  and  1927. 

USE   OF   OPEN   DITCHES  AND  TILE   DRAINS 

A  manuscript  for  a  Farmers'  Bul- 
letin on  farm  drainage  has  been  pre- 
pared and  is  now  being  printed. 

A  report  upon  the  economical  use  of 
large  tile  in  land  drainage  has  been 
prepared.  This  report  compares  the 
total  costs  of  drainage  by  means  of 
open  ditches  and  the  larger  sizes  of' 
tile,  including  costs  of  maintenance  as 
well  as  construction. 

DRAIN-TILE   MATERIALS 

The  experiments  and  tests  of  con- 
crete draintile  and  concrete  cylinders 
in  alkaline  soils  and  waters  have  been 
continued,  in  cooperation  with  the  Uni- 
versity of  Minnesota  and  the  Minne- 
sota Department  of  Drainage  and 
Waters  as  before.  The  investigation 
has  been  broadened  to  include  (1) 
studies  of  the  resistance  of  concrete 
and  of  clay  tile  to  acids  found  in  peat, 
muck,  and  some  other  soil  types,  and 
(2)  studies  to  develop,  if  possible, 
some  reliable  tests  of  the  resistance  of 
tile  to  frost  action  that  can  be  made 
more  readily  than  tests  now  prescribed 
by  the  American  Society  for  Testing 
Materials. 

EFFECT   OF   DRAINAGE    ON   FOREST   GROWTH 

A  study  of  the  reaction  of  swamp 
forests  to  drainage  was  made  in  north- 
ern Minnesota,  in  cooperation  with  the 
Forest  Service  and  several  State  agen- 
cies. The  report,  published  by  the 
State  commissioner  of  drainage  and 
waters,  shows  an  average  increase  in 
growth,  due  to  drainage,  of  about  one- 
fourth  cord  i>er  year  on  the  test  plots. 
The  forest  tyiies  were  black  spruce, 
tamarack,  and  cedar. 

FARM-LAND  DEVELOPMENT 

POISONING  TREES  AND  STUMPS 

Clearing  land  of  trees  and  stumps  by 
any  moans  that  the  individual  farm 
owner  can  employ  is  at  best  a  slow  and 
laborious  process.  Not  the  least  part 
of  the  work  is  the  repeated  cutting  of 
the  sprouts  that  spring  from  the  green 
stumps.  Poisons  applied  to  cuts  in  the 
trees  have  sometimes  been  effective  in 


killing  both  tree  and  stump.  There^ 
fore  investigation  has  been  undertaken 
to  determine  the  value  of  such  treat- 
ment for  different  kinds  of  trees. 
Various  poisonous  compounds  have 
been  used  at  different  seasons  of  the 
year,  and  the  compounds  have  been 
in.iected  into  the  trees  and  stumps  by 
various  methods.  The  experiments  are 
being  made  in  six  Central  and  Eastern 
Stiites.  Examinations  are  made  at  in- 
tervals to  note  the  rapidity  with  which 
the  trees  and  the  stumps  die  and  decay. 
Some  varieties  of  trees  die  quickly 
after  being  poisoned ;  but,  thus  far,, 
pines  and  some  other  varieties  seem 
to  be  affected  very  little. 

CLEARING   LAND   OF  BRUSH   AND   STONE 

The  removal  of  brush  is  a  consider- 
able part  of  the  work  of  clearing  farm 
lands  in  the  Lake  States.  Investiga- 
tion has  been  begun,  in  cooperation 
with  the  University  of  Minnesota,  to' 
determine  the  cost  of  clearing  brush 
land  by  plowing,  by  pulling,  by  burn- 
ing, and  by  cutting  and  poisoning. 
Tests  are  being  made  to  determine 
whether  the  intense  heat  under  burn- 
ing brush  piles  injures  the  soil,  and 
may  be  the  cause  of  the  sterile  spots- 
that  are  found  in  large  numbers  in 
some  localities. 

In  certain  parts  of  Minnesota  great 
inimbers  of  stones  are  scattered  over 
the  ground.  It  has  been  suggested 
that  they  are  being  brought  to  the  sur- 
face continually  by  frost  action,  a 
condition  which  would  require  that 
those  lands  must  be  cleared  of  stone 
not  once  only,  but  periodically,  if  they 
are  to  be  kept  suited  for  cropping. 
Data  are  being  collected  to  ascertain 
whether  there  is  truth  in  the  sugges- 
tion. 

MECHANICAL  FARM  EQUIPMENT 

CORN-BORER  CONTROL 

The  development  of  mechanical  de- 
vices for  combating  the  European  corn 
borer,  and  the  testing  of  different 
kinds  of  farm  machines  in  control 
work,  have  continued  along  the  lines 
established  in  the  preceding  year. 
Over  60  plows,  variously  equipped, 
were  tested  for  cornstalk  coverage  on 
several  different  soil  types.  Studies 
of  plow-body  shapes  and  beam  clear- 
ances were  included.  A  stationary 
low-cutting  knife  to  harvest  the  whole 
stalk  has  been  devised,  with  the  ap- 
purtenant parts  necessary  for  attach- 
ing and  operating  it  on  four  prominent 
makes  of  corn  binders.    A  stubble-slit- 
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ter  attachment  for  a  standard  corn 
binder  lias  been  devised  and  is  being 
tested.  A  simple  sled-type  2-row 
stalk  shaver  has  been  developed,  two 
of  which  with  a  3-horse  hitch  may  be 
used  to  cut  four  rows  at  a  time.  Tests 
of  new  and  used  huslver  shredders 
were  made  to  determine  the  influence 
of  various  adjustments  on  the  effec- 
tiveness of  the  machines  in  killing 
borers  in  infected  stalks.  Studies  of 
equipment  for  heat  treating  the  laiTse 
in  the  field  were  continued,  but  not 
completed.  Tests  have  been  made  of 
poling  and  raking  implements  for  col- 
lecting crop  debris,  and  of  the  effec- 
tiveness of  different  baling  pressures 
for  destroying  the  borers,  but  addi- 
tional study  of  these  and  other  kinds 
of  equipment  are  in  progress, 

FERTILIZER  DISTRIBUTORS 

Supplementing  the  laboratory  inves- 
tigations of  the  preceding  year,  field 
tests  of  24  fertilizer  distributors  have 
been  made  to  study  the  effect  of  dif- 
ferent kinds,  amounts,  and  placements 
of  fertilizer  on  the  germination, 
growth,  and  yield  of  cotton.  The 
practicability  of  machines  that  both 
plant  the  seed  and  apply  the  ferti- 
lizer will  be  compaiTd  with  that  of 
separate  machines  for  the  two  opera- 
tions. Planting  and  fertilizing  were 
done  in  the  spring  of  1929 ;  yields 
•will  be  measured  in  the  fall.  The 
tests  were  made  in  cooperation  with 
the  Bureau  of  Chemistry  and  Soils, 
the  joint  committee  on  fertilizer  ap- 
plication, and  Clemson  Agricultural 
College  and  Experiment  Station,  S.  C. 

COTTON-DRYING  EQUIPMENT 

The  cotton-drying  unit  constructed 
and  tested  in  1927  was  tested  again  in 

1928  with  favorable  results,  and  a 
manuscript  has  been  prepared  for  a 
bulletin  describing  the  consti-uction 
and  operation  of  this  equipment. 
Some  growers  who  observed  the  oper- 
ation of  the  test  unit  are  already  in- 
stalling like  driers  for  treating  their 

1929  crop. 

SUGAR-BEET  MACHINERY 

A  preliminary  study  has  been  made 
of  the  machinery  used  and  labor  re- 
quired for  producing  sugar  beets,  from 
preparation  of  the  land  for  planting 
to  delivery  of  the  beets  to  the  factory 
or  railroad.  Analysis  of  the  data  col- 
lected indicates  that  mechanical 
equipment  can  be  utilized  to  perform 


a  large  part  of  the  work  now  done  by 
hand,  and  thus  appreciably  reduce  the 
cost  of  production. 

ARTIFICIAL   DRYING   OF   HAY   AND    SMALL    GRAIN 

In  the  humid  region,  unfavorable 
weather  conditions  at  hay-making 
time  often  result  in  improper  curing 
(if  the  hay,  and  sometimes  practically 
total  loss  (if  the  crop.  Wherever  hay 
is  cured  by  drying  in  the  field,  even 
under  favorable  conditions,  a  consid- 
erable portion  of  the  leaves,  the  most 
nutritious  part  of  the  plant,  is  lost  by 
shattering  in  handling,  Therefore,  in- 
vestigation of  the  practicability  of  ar- 
tificial drying  has  been  undertaken,, 
in  cooperation  with  the  Bureau  of 
Plant  Industry  and  the  Nebraska 
Agricultviral  Experiment  Station.  The 
purpose  of  the  experiments  in  the  fis- 
cal year  1929  has  been  to  discover  the 
principles  involved  in  removmg  water 
from  hay.  In  the  experimental  appa- 
ratus, small  quantities  of  green  hay 
were  reduced  to  a  desirable  moisture 
content  in  one  and  one-half  to  three 
hours,  by  evaporating  about  two-thirds 
the  weight  of  the  green  hay.  The 
cured  product  graded  No.  1  extra 
leafy,  valued  then  at  $8  to  $10  per 
ton  higher  than  the  ordinary  grade. 
Development  of  drying  equipment  for 
general  farm  use  has  not  yet  beei' 
begun. 

Since  an  excessive  moisture  content 
in  grain  is  likely  to  cause  damage  in 
storage,  experiments  were  begun  to 
determine  the  practicability  of  arti- 
ficial drying  of  wheat.  In  cooperation 
v\-ith  the  Bureau  of  Agricultural  Eco- 
nomics, a  small  experimental  drying 
outfit  was  set  up  and  operated  in  1928 
at  Fargo,  N.  Dak.,  to  study  the  time 
and  heat  requirements  for  drying  and 
to  determine  the  effect  of  artificial  dry- 
ing upon  the  grain.  It  was  found  that 
the  use  of  temperatures  up  to  160°  F., 
the  highest  used,  had  no  material  ef- 
fect upon  germination  or  upon  the  mill- 
ing and  baking  qualities.  Further  ex- 
perimentation is  required. 

FARM  STRUCTURES 

DAIRY  BARNS   IN  SOUTHEASTERN   PENNSYLVANIA 

Many  old  barns  still  structurally 
sound  are  not  suited  to  production  of 
milk  in  accordance  with  requirements 
set  up  by  public  health  authorities  in 
many  of  the  larger  cities.  Particu- 
larly is  this  true  of  the  bunk  type  of 
barn    very    common    in    southeastern 
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Pennsylvania,  owing  to  inadequate 
lighting  and  difficulties  of  ventilation. 
For  tlie  purpose  of  determining  what 
changes  are  practicable  in  im^jroving 
exii^ting  barns,  or  in  replacing  barns 
that  have  been  destroyed  by  fire  or 
other  cause,  in  order  that  the  milk  pro- 
duced may  be  marketed  in  the  cities, 
an  investigation  of  the  dairy  barns  in 
southeastern  Pennsylvania  was  made, 
in  cooperation  with  the  Interstate  Milk 
I'roducers'  Association  of  Philadelphia. 
The  report  of  conditions  found,  with 
general  recommendations,  has  been 
prepared. 

HEATING   OF   GREENHOUSES 

The  operation  of  even  a  small  com- 
mercial greenhouse  is  a  matter  of  con- 
siderable expense,  and  the  cost  of  heat- 
ing is  one  of  the  principal  items.  Con- 
trol of  temperature  is  also  one  of  the 
important  factors  in  successful  opera- 
tion. Because  there  is  little  informa- 
tion available  concerning  this  subject 
applicable  to  small  greenhouses  of  the 
commercial  type,  a  study  of  selected 
structures  of  this  kind  has  been  under- 
taken to  determine,  for  such  struc- 
tures, the  heating  requirements  as  af- 
fected by  climatic  conditions,  the  best 
types  of  heating  systems,  the  advan- 


tageous kinds  of  fuel  and  methods  of 
firing,  the  effective  and  economical 
means  of  temperature  regulation,  and 
the  proper  basis  of  proportioning  the 
heating  system  to  the  size  and  con- 
struction of  the  house.  The  investiga- 
tion is  not  yet  complete. 

Laboratory  experiments  have  been 
undertaken  to  determine  the  effect 
upon  temperature  distribution  in  cold- 
storage  rooms,  of  different  locations 
and  arrangements  of  the  cooling  pipes, 
of  different  areas  of  the  cooling  sur- 
face, and  of  different  temperatures  of 
the  refrigerant ;  and  also  to  deteimine 
to  what  extent  humidity  can  be  con- 
trolled by  proper  arrangement,  loca- 
tion, area,  and  temperature  of  the 
cooling  surfaces.  Collection  of  the 
data  is  still  in  progress. 

SERVICE  WORK 

A  considerable  part  of  the  time  of 
the  staff  of  the  structures  section  dur- 
ing the  past  year  has  been  required 
for  designing  barns,  a  greenhouse,  a 
machine  shop,  an  abbatoir,  and  other 
buildings,  and  preparing  specifications 
for  buildings  and  equipment  for  vari- 
ous other  Ijureaus  of  the  Department 
of  Agriculture. 
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During  the  past  fiscal  year  the  Federal-aid  road  program  was 
continued  practically  within  the  limits  set  by  the  $75,000,000  appro- 
priation authorized  for  the  year.  Although  the  amount  of  the  ap- 
propriation provided  for  each  year  since  1925  has  been  the  same,  it 
has  been  possible  previously  to  carry  on  the  work  of  road  construc- 
tion at  a  more  rapid  rate  because  of  the  availability  of  a  balance  of 
funds  authorized  and  appropriated  for  the  earlier  years  and  not 
expended  within  the  year  for  which  they  were  intended. 

This  year  the  actual  disbursement  of  Federal-aid  funds  was 
$75,880,863,  but  little  more  than  the  $73,125,000  apportioned  to  the 
States  after  deduction  of  the  2i/2  per  cent  alloAved  for  administra- 
tion from  the  authorized  appropriation;  and  it  was  more  than 
$6,000,000  below  the  expenditure  of  the  preceding  fiscal  year. 

Accordingly  the  mileage  of  initial  improvements  completed — 
7,317.4  miles — was  less  than  that  in  any  previous  year  since  the  rate 
of  appropriation  was  fixed  at  $75,000,000. 

In  addition  to  the  roads  initially  improved,  advanced  stages  of 
construction  were  completed  on  2,011.2  miles  of  roads  previously  im- 
proved with  Federal  aid;  and  20.8  miles  previously  built  were 
reconstructed. 

At  the  close  of  the  fiscal  year  initial  improvements  were  under 
Avay  on  7,709.2  miles  and  stage  construction  was  in  progress  on 
2,187.2  miles.  There  were  also  18.4  miles  previously  built  with  Fed- 
eral aid  which  were  in  course  of  reconstruction. 

This  is  the  first  year  in  which  it  has  been  necessary  to  spend  any 
part  of  the  Federal  approuriations  for  reconstruction,  and  the  mile- 
age involved  is  small,  ha*  as  time  goes  on  it  must  he  expected  to 
increase.  It  is  now  12  years  since  the  first  Federal-aid  roads  were 
completed,  and  the  ordinary  life  of  some  of  the  types  of  surface  built 
does  not  exceed  that  term. 
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It  is  necessary  to  distinguish  clearly  between  stage  construction 
and  reconstruction.  The  former  represents  a  deliberate  postponement 
of  a  stage  of  improvement  known  at  the  time  to  be  necessary  eventu- 
ally to  meet  the  needs  of  the  foreseen  traffic.  The  postponement  is 
necessary  by  reason  of  the  limitations  of  available  funds  and  the 
desirability  of  spreading  them  over  as  great  a  mileage  as  possible 
consistent  with  the  provision  of  a  reasonable  improvement  of  high- 
way facilities. 

The  expenditure  of  Federal  funds  for  reconstruction  is  authorized 
only  where  the  type  of  construction  originally  provided  was  deemed 
adequate  for  the  then  present  and  probable  future  traffic  require- 
ments, but  by  reason  of  an  unanticipated  increase  in  traffic  has  proved 
to  be  inadequate.  Before  approval  of  further  expenditure  on  such 
roads  it  must  be  satisfactorily  established  that  there  has  been  nothing 
lacking  in  their  maintenance  by  the  State,  and  it  must  be  clearly 
apparent  that  the  necessity  for  reconstruction  results  from  the  in- 
creased demands  of  traffic.  It  follows  that  all  reconstruction  ap- 
proved must  be  of  a  higher  type  than  the  original  construction. 

The  total  mileage  initially  improved  with  Federal  aid  since  1917 
is  86,978.6  miles.  This  mileage  has  been  reduced  by  696  miles  by 
the  replacement  of  certain  roads  improved  prior  to  1921  and  not 
included  in  the  designated  Federal-aid  system  by  a  lesser  mileage  of 
more  important  roads  in  the  system  to  which  the  original  Federal 
investment  has  been  transferred.  It  has  been  further  reduced  by  64.2 
miles  by  relocations  made  in  the  course  of  stage  construction;  so 
that  the  actual  present  length  of  the  roads  initially  improved  with 
Federal  aid  and  retained  as  Federal-aid  highways  is  86,218.4  miles. 
As  2,205.6  miles  were  under  stage  construction  or  reconstruction  at 
the  close  of  the  year  and  had  been  temporarily  removed  from  the 
classification  of  improved  mileage,  the  total  so  classified  on  June  30, 
1930,  was  84,012.8  miles. 

As  a  result  of  the  increase  in  the  appropriations  authorized  by 
Congress  at  the  last  session  the  rate  of  progress  in  the  construction 
of  Federal-aid  roads  may  be  expected  to  increase  next  year  and  in 
the  years  immediately  following.  For  the  fiscal  3^ears  1931,  1932, 
and  1933  the  amounts  authorizecl  are  $125,000,000,  two-thirds  greater 
than  the  $75,000,000  appropriations  which  have  been  the  rule  since 
1925.  Although  the  increase  in  the  appropriation  for  the  fiscal  year 
1931  was  not  apportioned  until  last  April,  the  immediate  response 
of  the  States  resulted  in  the  obligation  of  $102,498,084  to  definite 
projects  during  the  last  fiscal  year,  as  compared  with  $70,428,896 
obligated  during  the  fiscal  year  1929.  This  higher  rate  of  obligation 
will,  of  course,  be  followed  in  due  course  by  a  greater  rate  of  com- 
pletion of  the  improvements  now  undertaken,  and  the  next  year's 
completion  of  projects  should  be  materially  greater  than  that  reported 
for  this  year. 

The  Federal-aid  highAvay  system,  in  which  is  included  practically 
all  of  the  mileage  now  classed  as  improved  with  Federal  assistance, 
has  been  increased  in  size  during  the  past  year  and  now  embraces 
193,049  miles  of  main  interstate  and  intercountry  roads. 

In  addition  to  the  improvements  made  possible  by  the  Federal-aid 
appropriations,  the  bureau  has  also  cooperated  with  a  number  of 
States  in  the  restoration  of  roads  damaged  by  floods  in  1927  and 
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1929.  This  work,  which  is  made  possible  by  several  special  acts  of 
Conjrress.  has  resulted  to  date  in  the  completion  of  improvements  on 
57.8  miles  of  road  in  Vermont,  24.6  miles  in  New  Hampshire,  39 
miles  in  Kentucky,  and  0.3  mile  in  Mississippi.  To  the  latter  State 
there  has  also  been  paid  $341,702.91  for  work  completed  prior  to  the 
passage  of  the  flood  relief  act. 

By  the  completion  of  266.8  miles  of  national-forest  roads  during 
the  year  the  total  mileage  upon  which  improvements  have  been  com- 
pleted was  increased  to  4,357.5  miles.  Of  this  total,  4,026.7  miles  are 
in  the  12  Western  States  and  the  Territory  of  Alaska  and  330.8  miles 
are  in  Eastern  States.  These  improved  roads  are  portions  of  the 
forest-road  system  which  has  been  designated  jointly  by  State  and 
Federal  authorities  and  which  includes  at  present  a  total  of  14,576.1 
miles,  of  which  12,378.8  miles  are  in  the  States  of  the  West  and 
Alaska  and  the  remainder  in  Eastern  States. 

The  work  done  in  cooperation  with  the  National  Park  Service 
resulted  during  the  year  in  the  completion  of  88.7  miles  of  important 
improvements  in  the  parks,  bringing  the  total  mileage  thus  far  im- 
proved to  302.1  miles,  all  included  in  the  system  of  1,509.7  miles  of 
principal  park  roads  which  has  been  designated. 

As  in  previous  years,  the  bureau  has  continued  to  carry  on,  con- 
currently with  the  improvement  of  Federal-aid,  forest,  park,  and 
other  highways,  a  program  of  highway  research  planned  to  pro- 
duce a  more  exact  factual  basis  for  the  design  of  road  systems  and 
road  structure  suited  to  the  expanding  needs  of  modern  highway 
traffic. 

Of  principal  interest  during  the  year  were  the  survey  of  traffic  on 
the  Federal-aid  system  in  the  Western  States,  now  nearing  comple- 
tion ;  the  study  of  soils  in  respect  to  their  usefailness  and  stability  as 
road  subgrades;  the  extensive  studies  and  intensive  experiments 
locking  to  th  ?  development  of  types  of  surface  of  low  cost  suitable 
for  the  large  existing  mileage  of  lightly  traveled  roads;  the  con- 
tinuation of  studies  of  the  characteristics  of  concrete  for  road  pave- 
ments and  bridges;  and  the  analyses  of  the  possibilities  of  greater 
economy  in  construction  operations,  which  also  have  been  continued 
with  increasingly  useful  results. 

PROGRESS   IN  FEDERAL-AID   ROAD    CONSTRUCTION 

Initial  improvements  were  completed  during  the  fiscal  year  on 
7,317.4  miles  of  the  Federal-aid  highway  system;  advanced  stages  of 
construction  were  completed  on  2,011.2  miles;  and  20.8  miles  pre- 
viously improved  were  reconstructed.  The  total  mileage  upon 
which  improvements  were  completed  was  therefore  9,349.4  miles. 

At  the  close  of  the  year  construction  of  initial  improvements  was  in 
progress  on  7,709.2  miles,  and  other  initial  improvements  had  beem 
approved  for  1,940  miles.  Stage  construction  was  in  progress  on 
2,187.2  miles  already  initially  improved  with  Federal  aid,  and  sim- 
ilar advanced  improvements  had  been  approved  for  1,522  miles.  In 
addition,  18.4  miles  of  roads  previously  improved  were  in  process  of 
reconstruction,  and  7.3  miles  were  approved  for  reconstruction. 

The  mileage  of  initial  improvements  completed  was  less  than  the 
mileage  of  such  improvements  completed  in  any  year  since  1923  and 
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less  than  the  mileage  completed  in  the  preceding  fiscal  year  by  84.9 
miles.  The  mileage  of  stage  construction  completed  was  greater  than 
the  mileage  completed  in  any  previous  year  except  1928,  and  greater 
than  the  mileage  completed  in  the  preceding  year  by  27.1  miles.  In 
total  mileage  of  initial  and  stage  construction  completed  the  year's 
record  was  lower  than  that  of  the  i)receding  year  and  the  lowest 
since  1924.  The  recoid  of  mileage  completed  in  each  fiscal  year 
since  1923  is  shown  in  Table  1. 


Table  1. — MUeagc  of  initial  and  stage  const  ruction  completed  hij  fiscal  years 

l'.)23-l'J3(),  inclusive 


Mileage  of 
initial  con- 
struction 
completed 

Stage  construction  com- 
pleted 

Mileage  of 
total  con- 
struction 

Fiscal  year 

Mileage 

Percentage 
of  initial 
construc- 
tion 

1923           : 

8,  820.  2 
8, 610.  2 

11, 320.  3 

9,  322.  3 
8,  289.  4 
8, 157.  5 
7, 402.  3 
7,317.4 

117.8 
360.4 
5,56.  4 
1, 052.  6 
1,712.6 
2, 016.  2 
1, 984.  1 
2,011.2 

1.3 

4.2 
4.9 
11.2 
20.6 
24.7 
26.8 
27.5 

8, 938.  0 

1924                                                    

8,  970.  6 

1925                                                 .  .  . 

11,876.7 

1926                                      - 

10,  374.  9 

1927                                  .       .   -   -  --- - 

10, 002.  0 

1928                                  _   .   -   .  .   - 

10, 173.  7 

1929                           - 

9,  386.  4 

1930                           -- 

9,  328.  6 

The  decline  in  mileage  completed  was  anticipated.  It  is  the  nat- 
ural result  of  the  contraction  of  the  program  to  a  $75,000,000  basis, 
necessitated  by  the  authorization  of  that  annual  sum  for  several  years 
and  the  final  absorption  of  the  unobligated  balance  of  funds  appro- 
priated for  the  earlier  years. 

As  the  appropriations  authorized  for  the  fiscal  years  1931  to  1933, 
inclusive,  have  been  increased  to  $125,000,000,  it  may  be  confidently 
expected  that  the  mileage  completed  in  the  ensuing  years  will  be 
greater. 

A  year  ago  the  total  mileage  that  had  been  improved  with  Federal 
aid,  less  extra-system  mileage  replaced  and  mileage  reductions  re- 
sulting from  relocations,  was  reported  as  79,264.3  miles.  A  complete 
review  of  all  records  during  the  past  year,  resulting  in  minor  cor- 
rections of  the  mileage  of  many  of  the  earlier  projects,  shows  that 
the  exact  total  was  79,131.1  miles. 

During  the  past  year  there  have  been  further  reductions  by  the 
replacement  of  mileage  off  the  system  amounting  to  210.7  miles,  and 
reductions  by  relocation  amounting  to  19.4  miles.  Thus  the  addition 
of  7.317.4  miles  of  initial  improvement  during  the  year  brings  the 
total  of  mileage  improved  at  the  close  of  the  year  to  86,218.4  miles. 
AVith  the  exception  of  a  very  .small  mileage  improved  before  1921 
and  .still  retained,  all  of  this  mileage  is  in  the  P'ederal-aid  highway 
system.  As  2,205.6  miles  of  the  above  total  was  in  cour.se  of  stage 
construction  or  reconstruction  when  the  fiscal  year  clo.sed,  the  total 
mileage  classified  as  improved  with  Federal  aid  at  that  time  was 
84.012.8.  as  shown  in  Tables  24  and  28. 
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STAGE  CONSTRUCTION 

As  explained  in  previous  reports  the  Avork  desitrnated  as  stage  con- 
struction consists  of  the  further  improvement  of  roads  previously  im- 
proved to  some  decjree  with  Federal  aid.  This  work  does  not  increase 
the  mileage  reported  as  improved  with  Federal  aid.  On  the  con- 
trary, it  may  actually  reduce  the  previously  recorded  mileage  as  a 
result  of  relocations  found  to  be  possible  and  desirable.  As  for  sev- 
eral years  past,  s  reduction  of  this  sort  is  reported  this  year  amount- 
ing to  19.4  miles. 

Work  is  classed  as  stage  construction  only  when  it  represents  an 
advanced  Federal-aid  improvement  of  a  road  previously  improved 
with  Federal  aid.  The  initial  grant  of  Federal  aid  to  a  particular 
piece  of  road  is  not  designated  as  stage  construction,  even  though 
the  road  may  haA'e  been  previously  improved  to  some  degree  b}^  the 
State  or  other  agency. 

As  the  Federal-aid  operations  to  date  have  resulted  in  the  improve- 
ment of  less  than  half  of  the  Federal-aid  system  (although  by  the 
States  or  other  agencies  nearly  the  entire  system  is  known  to  have 
been  improved  to  some  degree),  there  is  still  a  very  considerable  mile- 
age improvement  of  which  with  Federal  aid  will  be  classed  as  initial 
improvement.  Nevertheless,  as  the  improvement  of  the  system  pro- 
gresses toward  the  standard  ultimately  to  be  desired  and  as  more  and 
more  of  the  system  receives  Federal  aid  for  its  improvement,  the 
mileage  classed  as  stage  construction  may  be  expected  to  increase  and 
to  constitute  an  increasing  percentage  of  the  entire  improvement 
operation. 

This  trend  is  clearly  shown  by  Table  1,  which  shows  that  stage 
construction  was  completed  during  the  past  year  on  2,011.2  miles,  a 
mileage  greater  than  that  similarly  improved  in  any  previous  year 
except  1928.  The  table  also  shows  that  the  ratio  of  the  amount  of 
stage  construction  to  the  amount  of  initial  construction  completed 
during  the  year  was  27.5  per  cent,  and  that  there  has  been  a  steady 
increase  in  this  percentage  since  stage  construction  work  was  begun 
in  1923. 

The  effect  of  the  stage  construction  from  year  to  year  is  shown  in 
the  steadily  increasing  percentage  of  the  higher-type  improvements 
from  year  to  year.  Thus,  at  the  close  of  the  fiscal  year  1926,  the 
mileage  improved  with  high-type  pavements  of  block,  concrete,  and 
bituminous  concrete  was  less  than  26  per  cent  of  the  total  improved 
mileage.  Two  years  later  it  was  a  little  less  than  29  per  cent.  Last 
year  it  was  30.4  per  cent;  and  to-day  33.2  per  cent  of  the  mileage 
classified  as  improved  (exclusive  of  bridges)  is  paved  with  these 
highest  types  of  surfacing.  Nearly  45  per  cent  of  the  stage  construc- 
tion completed  during  the  past  year  was  of  these  types. 

As  in  previous  years,  the  mileage  of  stage  construction  completed 
is  mainly  in  those  sections  of  the  country  in  which  the  large  mileage 
of  road  remaining  to  be  improved,  the  relatively  sparse  population, 
and  limited  funds,  required,  in  the  earlier  years  of  work  on  the  roads, 
a  restriction  of  the  initial  improvement  to  grading  and  draining  and 
the  cheaper  types  of  surface  in  order  to  spread  the  benefits  of  some 
measure  of  improvement  as  widely  as  possible.  In  these  sections  it 
is  now  possible  to  return  to  the  roads  previously  improved  and  by 
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further  expenditure,  now  possible,  advance  the  improvement  to  a 
staoe  more  consistent  with  tlie  increasing  requirements  of  the  traffic. 
The  need  for  the  further  improvement  is  greatest  in  those  sections 
where  the  restricted  initial  improvement  least  adequately  met  the 
needs  of  traffic ;  and  the  t3^pe  of  the  stage  construction  is  highest  in 
those  sections  where  traffic  has  attained  the  greatest  density. 

Thus,  as  shown  in  Table  2,  the  mileage  of  stage  construction  com- 
pleted in  the  Kew  England  and  East  North  Central  States  was  quite 
small,  and  there  was  none  in  the  Middle  Atlantic  States.  In  the  first 
tw^o  sections  the  entire  mileage  completed  was  of  high-type  bitumi- 
nous macadam  or  better.  These  are  sections  in  which  highway 
improvement  has  long  been  in  progress;  in  which  the  roads  consti- 
tuting the  Federal-aid  system  are  well  developed;  and  traffic  on  the 
system  is  relatively  heavy.  , 


Table  2. 


-Mileage  of  stage  const niction  completed  during  the  fiscal  year  1930, 
by  groups  of  States 


Group  of  States 

Mileage  of 
stage  con- 
struction 
completed 
during  year 

Percentage 
of  total 

Percentage 
of  mileage 
of  bitumi- 
nous mac- 
adam or 
higher  type 

New  England _ 

1.7 

0.1 

100.0 

Middle  Atlantic ...._.      

South  Atlantic 

149.9 

34.6 

54.2 

981.2 

441.5 

317.7 

30.4 

7.5 
1.7 
2.7 
48.8 
21.9 
15.8 
.1.5 

84.9 

East  North  Central ...  ...  . ..... 

100.0 

East  South  Central .... 

29.0 

West  North  Central 

36.5 

West  South  Central . 

98.6 

Mountain 

1.5 

Pacific 

31.5 

Total 

2,011.2 

100.0 

49.3 

The  greatest  mileage  of  stage  construction  completed  was  in  the 
West  North  Central  States ;  and  much  of  it  was  of  a  type  lower  than 
bituminous  macadam.  This  is  a  section  in  which  a  few  years  ago  the 
roads  were  generally  unimproved.  As  a  first  step  it  was  necessary 
to  limit  the  expenditure  per  mile  rather  narrowly  in  order  to  make 
it  cover  as  much  as  possible  of  the  large  mileage  awaiting  improve- 
ment. Now  it  becomes  possible  to  return  to  the  roads  initially  im- 
proved by  grading  and  draining  only  and  add  surfaces  of  low  and 
intermediate  type  which  will  reasonabl}'  meet  the  needs  of  traffic  for 
several  years  more. 

In  the  West  South  Central  States,  where,  next  to  the  group  adjoin- 
ing them  on  the  north,  the  mileage  of  completed  stage  construction 
was  greatest,  a  similar  process  of  adjustment  is  under  way,  but  the 
type  of  improvement  is  generally  higher  than  in  the  neighboring 
group.  The  situation  in  this  section  more  nearly  resembles  the  con- 
dition wdiich  prevails  in  the  South  Atlantic  States. 

In  the  Mountain  States  traffic  is  still  relatively  light,  and  it  is 
possible  to  meet  the  increased  requirements  with  supplementary  im- 
provements of  low  cost.  Much  of  the  stage  construction  in  this  area 
con.si.sts  of  the  building  of  low-cost  bituminous-mixed  surfaces,  a 
type  which  has  proved  very  effective  in  this  region. 
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RECONSTRUCTION  OF  FEDERAL-AID  ROADS 

This  year,  for  the  first  time  since  the  beginning  of  the  Federal-aid 
road  work,  there  is  a  small  amount  of  reconstruction  work  to  report. 
By  the  close  of  the  year  reconstruction  had  been  completed  on  20.8 
miles  of  road  previously  improved  with  Federal  aid  in  5  States; 
and  at  the  close  of  the  year  there  were  18.4  miles  in  4  States  that 
were  in  course  of  reconstruction  and  7.3  miles  in  2  States  that  had 
been  approved  for  reconstruction. 

Reconstruction  differs  from  stage  construction  in  the  fact  that  the 
latter  represents  a  deliberate  postponement  of  a  part  of  an  improve- 
ment known  to  be  required  to  meet  the  demands  of  anticipated 
traffic,  whereas  the  former  becomes  necessary  by  reason  of  the  over- 
taxing of  an  improvement  originally  believed  to  be  adequate  by  an 
unanticipated  traffic. 

To  projects  built  under  the  stage-construction  plan  the  Federal 
contribution  is  limited  to  a  total  payment  of  $15,000  a  mile  (or  other 
maximum  payment  prescribed  by  the  law.)  The  supplementary 
stages  of  improvement  are  definitely  anticipated  and  provided  for  in 
the  original  project  agreement,  and  a  portion  of  the  permissible 
maximum  allotment  of  Federal  funds  is  reserved  for  payment  \shen 
the  deferred  improvement  is  completed. 

When,  however,  a  road,  which  has  been  previously  constructed 
to  a  standard  regarded  at  the  time  as  consistent  with  traffic  require- 
ments, is  subjected  to  a  traffic  for  which  it  is  unsuited  and  by  such 
traffic  is  worn  out  in  spite  of  the  best  efforts  of  the  State  to  maintain 
it,  reconstruction  is  required ;  and  the  Federal  law  permits  allotment 
•of  additional  Federal  funds  to  the  full  amount  payable  for  original 
•construction. 

The  increase  in  highway  traffic  in  the  last  5  or  10  years  has  ex- 
ceeded all  reasonable  estimates;  and  types  of  construction  which  10 
or  even  5  years  ago  were  considered  adequate  to  meet  the  probable 
future  traffic  have  in  certain  instances  been  found  to  be  unequal  to 
the  demands  of  a  traffic  exceeding,  in  number  of  vehicles  and  particu- 
larly in  the  weight  and  speed  of  the  heavier  units,  the  estimates  at 
the  time  of  construction. 

In  such  cases  the  roads  previously  aided  are  eligible  for  further 
allotment  of  aid  toward  their  reconstruction;  but  no  such  addi- 
tional aid  is  granted  unless  there  is  a  clear  record  of  the  satisfactory 
maintenance  of  the  original  improvement  by  the  State. 

The  mileage,  total  cost,  and  Federal-aid  allotments  to  reconstruc- 
tion completed  during  the  fiscal  year  and  in  progress  and  approved 
at  the  end  of  the  year  are  reported  in  Tables  3,  4,  and  5.  The  mileage 
reported  in  these  tables  does  not  increase  the  total  mileage  improved 
with  Federal  aid.  The  total  costs  and  Federal-aid  allotments  relate 
to  the  reconstruction  only. 
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Table  3. — Federal-aid   projects  on    which   reconstruction   had    been  completed 

on  June  30,  1930 


State 

Total  cost 

Federal  aid 

Miles 

Louisiana                                                               -.         -- 

$304,  044. 39 

92.  751.  08 

304,  148. 92 

158.  300.  30 

150,  280.  99 

$113, 160 
29,175 
98,  370 
41, 340 
30,  960 

7.5 

Maine               -             -         -  -.  

1.9 

Maryland -- _ 

6.6 

Massachusetts          .      ..    ..  

2.7 

New  Hampshire       . 

2.1 

Total 

1,  009,  525.  68 

313,  005 

20.8 

Table  4. — Federal-aid   projects   on  nhich   reconstruction  teas    in   progress   on 

June  30,  1930 


State 

Estimated 
total  cost 

Federal  aid 
allotted 

Miles 

Maryland  . 

$309,  088.  95 
130,  236.  04 
253,  454.  06 
60,  086.  66 

$145,550.00 
39,  225.  00 
106,  295.  29 
21,  495.  00 

5.9 

Massachusetts 

2.6 

Oklahoma  .     ..     - 

8.5 

Vermont-- -  _  .  

1.4 

Total 

752, 865.  71 

312,  565.  29 

18.4 

Table    5. — Federal-aid   projects   which   were    approved   for   reconstruction    on 

June  30,  1930 


State 

Estimated 
total  cost 

Federal  aid 
allotted 

Miles 

Maine.-- - - 

$78,  823.  61 
329,  302. 82 

$23, 190 
130,000 

1.5 

Maryland 

5.8 

Total                                        .                

408, 126.  43 

153, 190 

7.3 

The  original  types  of  the  roads  reconstructed,  in  process  of  re- 
construction, and  approved  for  reconstruction,  the  age  of  the  roads  at 
the  time  of  reconstruction,  and  the  type  of  the  road  after  reconstruc- 
tion are  shown  in  Tables  6,  7,  and  8. 


Table  6. — Federal-aid  irrojects  on  lohich  reconstruction  had  been  completed  on 
June  30,  1930,  6y  types  of  construction 


Age 

Original  type 

State 

Gravel,  untreated 

Bituminous  macadam 

Bituminous  concrete 

New  type 

Miles 

New  type 

Miles 

New  type 

Miles 

Louisiana 

Years 
4 

7 

8 
8 
9 

Bituminous   c  o  n  - 
Crete. 

7.5 

Maine 

Portland  cement 
concrete. 
-  do       

1.9 

6.6 
2.7 

.-      do  .    

Portland  cement 
concrete. 

2.1 
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Table  7. — Federal-aid  projects  on  which  reconstruction  ivas  in  proffress  on  June 
30,  1930,  bij  types  of  construction 


Age 

Original  type 

State 

Gravel,  untreated 

Bituminous  concrete 

Portland  cement  concrete 

New  type 

Miles 

New  type 

Miles 

New  type 

Miles 

Maryland  ..  

Years 
10 

11 

8 

8 
4 

Portland  cement 
concrete. 

5.9 

Massachusetts 

Bituminous  ma- 
cadam. 

2.6 

Oklahoma 

Portland  cement 

concrete. 
Bridge 

Portland  cement 
concrete. 

8.4 

.1 
1.4 

Do 

Vermont 

Table  8. — Federal-aid  projects  ivhich  were  approved  for  reconstruction  on  June 
30.  1930,  hy  types  of  construction 


state 

Age 

Original  type,  bituminous  macadam 

New  type 

Miles 

Maine - 

Years 
10 
10 

Portland  cement  concrete 

1.5 

Maryland 

do 

5.8 

CHANGES  IN  THE  FEDERAL-AID  HIGHWAY  SYSTEM 

In  accordance  with  section  3  of  the  amendatory  act  of  May  21, 
1928,  the  mileage  of  the  Federal-aid  system,  originally  limited  to  7 
per  cent  of  the  certified  total  mileage  of  roads  in  each  State,  may  be 
increased  by  an  amount  equal  to  the  mileage  of  the  designated  system 
in  each  State  lying  within  the  boundaries  of  national  forests,  Indian 
reservations,  and  other  Federal  reservations. 

The  total  mileage  of  the  system  within  such  reservations,  as  deter- 
mined up  to  the  close  of  the  fiscal  year,  is  5,456.11  miles,  and  the 
addition  of  this  mileage  to  the  original  7  per  cent  limit  raises  the 
permissible  mileage  of  the  initial  system  to  206,018  miles. 

By  addition  to  the  system  during  the  past  year,  made  possible  in 
part  by  the  provisions  of  section  3,  the  mileage  of  the  initial  system 
has  been  increased  to  191,846.16  miles.  This  mileage  has  been  further 
increased  by  extensions  of  the  system  in  three  States  in  which  the 
initial  7  per  cent  system  has  been  fully  improved  to  the  satisfaction 
of  the  Secretary  of  Agriculture. 

The  States  in  which  such  extensions  have  been  approved  are :  Dela- 
ware, in  which  the  extension  is  284.28  miles ;  Maryland,  with  an  exten- 
sion of  668.12  miles;  and  Rhode  Island,  in  which  there  has  been  an 
extension  of  251.30.  The  sum  of  these  extensions,  being  1,203.7 
miles,  added  to  the  initial  system  thus  far  designated  raises  the 
mileage  of  the  total  system  to  193,049.86  miles  as  of  June  30,  1930,  an 
increase  of  4,192.7  miles  in  the  last  year. 
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The  mileage  of  the  system  within  Federal  reservations  in  each  of 
the  States  in  which  such  mileaofe  has  been  reported  and  approved  up 
to  June  30,  1930,  is  given  in  Table  9. 

Table  9. — Mileage  of  FederaJ-aid  hHlhuay  system  icithin  Federal  rescrvatwiift, 
l)eing  the  amounts  hy  which  the  7  per  cent  limiting  mileage  may  be  exceeded 
in  each  State  or  Territory 


State 

Mileage 

within 

Federal 

reservations 

State 

Mileage 

within 

Federal 

reservations 

State 

Mileage 

within 

Federal 

reservations 

Arizona. 

547. 20 
119.70 

457. 00 

303.  50 

57.80 

4S8.  40 

4.50 

2.00 

14.70 

6.00 

4.50 

26.50 

74.80 
10.40 

864.  32 
11.25 
25.26 
33.42 

350.  08 
16.  47 

159.  34 
23.39 
16.25 

360. 10 

Pennsylvania 

South  Dakota 

79. 4& 
474  50' 

Arkansas 

Mississippi 

California ..- 

Montana 

77.64 
68  90 

Colorado 

Nebraska  

Utah 

Geor^a 

Nevada 

30  72^ 

Idaho.-- 

New  Hampshire 

New  Mexico 

New  York     

353  21 

Illinois 

West  Virginia - 

29.06 
45  50- 

Iowa 

Kansas 

North  Carolina 

North  Dakota - 

275  90- 

Kentucky 

4  34 

Maine      

Total 

Michigan 

Oregon     

5, 456. 11 

The  mileage  of  the  designated  Federal-aid  system  in  each  State, 
including  the  authorized  extensions  in  three  States,  and  the  mileage 
within  Federal  reservations,  is  given  in  Table  24,  which  also  shows 
the  distribution,  by  States,  of  the  84,012.8  miles  improvecl  up  to- 
June  30,  1930. 

The  mileage  reported  as  improved  with  Federal  aid  still  includes 
a  small  amount  improved  prior  to  1921  and  not  incorporated  in 
the  designated  system.  The  amount  of  such  extra-system  mileage 
is  being  gradually  reduced  by  the  substitution  of  mileage  within  the 
system  and  the  transfer  of  the  Federal  aid  paid  for  the  improvement 
of  the  original  roads  to  the  improvement  of  the  substituted  mileage.. 

The  effect  of  this  procedure  is  to  return  to  the  Federal  Govern- 
ment the  amount  of  its  investment  in  the  roads  outside  the  Federal- 
aid  system,  so  that  these  roads  are  no  longer  considered  Federal-aid 
roads.  The  States  are  thus  released  of  their  obligation  to  the  Gov- 
ernment to  maintain  them  and  may,  if  they  so  desire,  return  them: 
to  the  control  of  the  county  or  other  local  authorities. 

A  year  ago  it  was  reported  that  the  Federal  aid  originally  paid 
for  the  improvement  of  485.3  miles  of  such  roads  outside  of  the 
system  had  been  transferred  to  other  roads  within  the  system.  In 
the  past  year  the  continuation  of  this  procedure  has  returned  to- 
the  Government  the  amount  originally  expended  on  other  roads 
outside  the  system  totalling  210.7  miles,  and  this  money  has  been 
allotted  to  the  initial  or  stage  construction  of  other  roads  within 
the  system. 

The  distribution,  by  States,  of  the  mileage  replaced  during  the 
fiscal  year,  the  total  cost  of  its  improvement,  and  the  Federal  aid 
allotted  to  it  and  now  returned  are  shown  in  Table  10.  The  type 
classification  of  the  newly  replaced  mileage  is  shown  in  Table  11. 
As  will  be  noted,  it  is  predominantly  of  low  type,  180  of  the  210.T 
miles,  or  85  per  cent,  having  been  improved  with  types  of  surface- 
less  durable  than  bituminous  macadam. 
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Table  10. — Total  cost,  Federal  aid,  and  mileage  of  roads  replaced  during  ihe> 
fiscal  year  ended  June  30,  1930,  for  U'liich  other  iiniprovements  have  been 
substituted 


State 


Arkansas 

Colorado 

Connecticut... 

Kansas 

Massachusetts 

Minnesota 

Mississippi 

Oklahoma 


Total  cost 


$633,681.83 
68,  298.  37 
8,  873.  18 
122,  789. 84 
70,  475.  58 
321,  656.  35 
2,991.26 
107, 419.  34 


Federal  aid 

Mileage 

$291,  .548.  32 

63.9 

38, 055.  90 

•3    1 

2, 800.  00 

•1 

44,  029.  43 

2.1 

30, 160.  87 

.5 

138,  763.  95 

28.4 

1,495.63 

.3 

53,  709.  07 

.2 

Pennsylvania. 
South  Dakota. 

Vermont 

Virginia 

West  Virginia- 
Wisconsin 


Total 


Total  cost 


$127,  359.  .57 

75,419.25 

15,  225.  77 

405,  760.  05 

40,  487.  55 

1,  126,  503.  55 


3, 126,  941. 49 


Federal  aid 


$46,  600. 00 

37,  709.  62 

6,  507.  2S 

197, 912.  13 
18,  555.  41 

417,  790.  21 


1,  325,  638.  42 


Mileage 


2.3 

15.0 

.3 

16.8 
2.2 

78.3 


210.7 


T-^BLE  11. — Mileage  of  roads  replaced  during  the  fiscal  year  ended  June  30,  1930, 
for  which  other  improvements  have  been  substituted,  J>y  types  of  construction, 
by  States 


state 

Graded 

and 
drained 

Gravel, 

un- 
treated 

Mac- 
adam, 

un- 
treated 

Mac- 
adam, 
treated 

Bitu- 
minous 
mac- 
adam 

Bitu- 
minous 
con- 
crete 

Port- 
land 
cement 
con- 
crete 

Block 

Bridges 

and 

ap- 
proach- 
es 

Total 

31.5 

32.3 

0.1 
.3 

63.9 

Colorado.  .  

.3 

Connecticut 

0.1 

.1 

Kansas 

0.4 

1.0 

0.7 

... 

2.1 

Massachusetts 

1 

0.4 

.5 

1.4 

27.0 

28.4 

.3 

.3 

Oklahoma 

.2 

.2 

Pennsvlvania 

2.3 

2.3 

South  Dakota 

15.0 

15.0 

Vermont...  .      .  .. 

.3 
11.2 

.3 

Virginia 

.3 

5.2 
2.2 

.1 

16.8 

West  Virginia 

2.2 

19.4 

40.8 

18.1 

78.3 

Total 

21.5 

114.6 

11.6 

32.3 

7.8 

2.3 

19.1 

.7 

.8 

210.7 

The  replacements  of  the  last  year  bring  the  total  of  mileage  thus 
far  replaced  to  696  miles.  The  location  of  this  mileage,  its  total 
cost,  and  the  Federal  aid  originally  allotted  to  it  are  shown  in  Table 
12,  and  its  type  classification  in  Table  13.  Of  the  total  mileage  more 
than  90  per  cent  was  improved  wath  types  of  surface  less  durable 
than  bituminous  macadam,  a  fact  which  is  indicative  of  the  relatively 
slight  importance  of  these  roads. 

Table  12. — Total  cost.  Federal  aid,  and  mileage  of  roads  replaced  to  June  30, 
1930,   for  which   other  improvements   have   been   substituted 


State 

Total  cost 

Federal  aid 

Mileage 

State 

Total  cost 

Federal  aid 

Mileage 

Alabama 

Arkansas 

Colorado 

Connecticut 

Kansas       -  . 

$33, 947.  60 

1, 003,  545.  20 

68,  298.  37 

8, 873. 18 

125,874.60 

31,433.22 

82, 625.  68 

3,57,  020. 74 

1,  641, 0.50.  96 

2,991.26 

783.93 

293.68 

10, 046.  35 

52,  715.  38 

$16, 433. 17 

455, 193.  72 

38, 055. 90 

2, 800. 00 

45,  571.  81 

14,  301. 06 

36,  235. 92 

163,  618.  76 

630,  046.  33 

1, 495.  63 

391.96 

146.  84 

5, 023. 17 

25,964.81 

5.5 

99.1 

.3 

.1 

3.6 

LI 

.6 

20.9 

206.8 

.3 

.2 

.2 

9.1 

New  York 

North  Dakota. 

Oklahoma 

Pennsylvania.. 
South  Carolina. 
South  Dakota.. 
Texas. 

$43,  692. 89 
42,  372.  46 

107, 419.  34 

127,  359.  57 
4,  779. 96 
75, 419.  25 
99,  290.  75 
1.5,  225.  77 

642,  118.  35 

40, 487.  55 

3,  231, 426. 13 

11,  908.  56 

$18,  245. 34 

20, 968.  87 

53,  709.  67 

46,  600.  00 

2,  294.  32 

37,  709.  62 

33,  333.  34 

6,  507.  28 

297, 110. 16 

18,  555.  41 

1,  256,  707. 13 

5, 160.  81 

1.1 
7.1 
.2 
2.3 

Louisiana 

Massachusetts. 

15.0 
7.4 

Michigan 

Minnesota 

Mississippi 

Montana 

Nebraska 

Nevada 

New  Mexico 

Vermont 

Virginia 

West  Virginia.. 

Wisconsin 

Wyoming 

Total 

.3 

25.7 

2.2 

275.7 

10.4 

7, 861, 000.  73 

3,  232, 181.  03 

696.0 
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Table  13. — Mileage  of  roads  replaced  to  June  30,  1930,  for  irhich  other  wtiirrove- 
nients  have  heen-  substituted,  by  types  of  construction,  by  States 


state 

Graded 

and 
drained 

Sand- 
clay, 
un- 
treated 

Gravel, 

un- 
treated 

Macad- 
am,un- 
treated 

Macad- 
am, 
treated 

Bitu- 
minous 
macad- 
am 

Bitu- 
minous 
con- 
crete 

Port- 
land 
cement 
con- 
crete 

Block 

Bridges 
and  ap- 
proach- 
es 

Total 

5.5 
63.5 

5.5 

3.5.3 

0.1 

0.2 
.3 

99.1 

.3 

0.1 

.  1 

Kansas 

1.9 

1.0 

0.7 

3.6 

1.1 

1.1 

0.4 

1 

.2 

.6 

14.4 

182.7 

.3 

1 

2.6 

3.9 

20.9 

18.6 

5.5 

206.8 

.3 

.  1 
.2 

.2 

i 

.2 

New  Mexico 

9.9 

9.9 

1.1 

1   1 

6.8 

.3 
.2 

7.1 

.2 

2.3 

2.3 

South  Dakota 

15.0 
7.4 

15.0 

Texas 

7.4 

.3 
12.6 

.3 

.3 

12.7 
2.2 

.1 

25.7 

2.2 

68.9 
10.4 

19.8 

150.1 

36.8 

.1 

275.7 

Wyoming 

10.4 

Total 

107.2 

19.8 

450.  0  ,       13.  0 

37.9 

15.3 

6.2 

44.5 

.7 

1.4 

696.0 

The  Federal  aid  orioinally  paid  for  the  improvement  of  the  696 
miles  replaced  has  been  allotted  with  additional  funds  to  583.2  miles 
of  initial  construction  and  72.2  miles  of  stage  construction  in  the 
same  States.  Of  these  mileages,  427.2  miles  of  initial  construction 
and  66.2  miles  of  stage  construction  had  been  completed  by  the  close 
of  the  fiscal  year.  The  estimated  total  cost  of  this  work,  the  Fed- 
eral aid  substituted,  additional  Federal  aid  allotted,  and  the  mileage 
involved  are  shown  in  Table  14;  and  similar  information  relative  to 
the  156  miles  of  initial  construction  and  6  miles  of  stage  construc- 
tion still  in  progress  at  the  close  of  the  fiscal  vear  is  given  in 
Table  15. 

Tabu-;  14. — Total  cost.  Federal  aid  siihstitiitril.  additional  Federal  aid  allotted, 
and  initial  and  staye  inileayc  of  substituted  iniprorenients  completed  to  June 
30,  J930 


Estimated 
total  cost 

Federal  aid 
substituted 

.Vdditional 

Federal  aid 

allotted 

Mileage 

state 

Initial 

Stage 

Alabama                -  

$199, 154  95 

2,  239,  167.  08 

159,  b60.  10 

204,  578.  15 

245,  104.  .5.S 

612,511.33 

2,230,265.11 

26,  261.  68 

5,  557.  42 

38, 952.  47 

141,891.  17 

333,  869.  60 

178,  100.  11 

207,  575.  96 

237, 929.  62 

451,779.61 

1,  344, 172.  23 

328,  332,  97 

4,  389,  202,  68 

18,  158,  .59 

$16,  433,  17 
357,  902,  56 

24,  585,  53 

5,  000,  00 

6,  075,  05 
69,  386.  96 

569,  210.  59 

92.64 

1 46.  84 

5,  023.  17 

25,  840.  55 
18.  245.  34 
20, 968.  87 
53,  709.  67 

2,  294.  32 

33,  333.  34 

297.  1 10.  16 

18,5.55.41 

1,  099,  885.  55 

5,  160.  81 

$70,  244.  83 

745,  084.  32 
35, 970.  03 
97,  289.  07 
6y.410.  72 

138,  071.  01 
74.  082,  43 
11,179.68 
2,631.87 
29,  009.  88 
64,  486.  07 

125.  355.  00 
54,  308.  01 
42,  255.  33 
82,  418.  67 

179, 177.  28 
60,  503.  33 
52,  538.  17 

956,  022.  44 

16.7 

67.2 

1.3.2 

2.9 

4.8 

14.5 

.58.1 

2.0 

.9 

6.3 

7.3 

9.5 

33.0 

2.9 

3.8 

Kansas                      - 

Louisiana               .  - - 

Massachusetts              

Michigan                       _  _  -  -  . 

Minnesota                       -  .      

6.6 

Alontana                                     -  - 

New  Mexico 

North  Dakota                             .  -  - 

Oklahoma  .   _  _.  

6.7 

7.6 

Texas 

37."6" 

6.3 
144.  0 

18.1 

West  Virginia 

Wisconsin 

13.6 

9.8 

Total         

13,  592,  525,  36 

2,  628, 960.  53 

2,  890,  038.  17 

■  427.  2 

66.2 
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Table  15. — Total  cost.  Federal  aid  xiihsti tilted,  additional  Federal  aid  allotted, 
and  initial  and  stage  iiiileaf/c  of  siibstiiiited  iniproveiiients  loider  construction 
on  June  30,  1930 


Estimated 
total  cost 

Federal  aid 
substituted 

Additional 

Federal  aid 

allotted 

Mileage 

Initial 

Stage 

$532,  607.  81 
514,  593.  09 
180.  495.  42 
336,  221.  44 

1,145.393.93 
911,886.68 
514,366.38 
884, 895.  98 
171,041.09 
201, 469.  62 
106,  217.  79 
334,  117.63 
86,  386.  15 
666,  826.  02 
727,  390.  59 

$97,  291.  16 

38,  055.  90 

2,  800.  00 

20, 980.  28 

9,  301.  06 

30,160.87 

94,  231.  80 

60,  835.  74 

1, 495.  63 

299.  32 

124.  26 

46,  600.  00 

37,  709.  62 

6.  507.  28 

156,  821.  58 

$160, 939.  91 

222,  056.  65 

87,  447.  71 

134,  656.  48 
563,  395.  90 
226,  385.  80 
132,  001.  20 
145,  842.  84 

84,024.91 
106, 953.  18 
67,  249.  68 
42,  620.  00 
9,  802.  75 

135,  010.  07 
178,  567. 96 

17. 1 
10.2 

.5 
8.0 

.7 
12.5 
12.9 
12.1 
1.5 
16.6 

.5 
6.0 
15.8 
13.2 
28.4 

Connecticut              -  

Kansas                -      -  - - 

6.0 

Mississippi                       -  -  

Montana                           

Pennsylvania 

South  Dakota       -.  -.  .     

Total                

7,  313, 909.  62 

603,  220.  50 

2.  296,  955.  00 

156.0 

6.0 

The  type  classification  of  the  substituted  initial  and  stage  construc- 
tion completed  and  in  progress  at  the  close  of  the  fiscal  year  is  shown 
in  Tables  16,  17,  and  18.  Consistent  with  the  greater  importance 
of  the  roads  involved,  these  improvements  are  of  considerably  higher 
type  than  those  replaced. 

Table  16. — Mileage  of  completed  initial  improvements  substituted  for  replaced 
roads  to  June  30,  1930,  by  types  of  construction,  by  States 


Graded 

and 
drained 

Sand- 
clay  .un- 
treated 

Gravel 

Mac- 
adam, 
treated 

Low- 
cost  bi- 
tumi- 
nous 
mixture 

Bitu- 
minous 

mac- 
adam 

Port- 
land 
cement 
con- 
crete 

Bridges 
and  ap- 
proach- 
es 

state 

Un- 
treated 

Treated 

Total 

Alabama                           16. 6 

0.1 

.9 

1.4 

2.9 

16.7 

8.2 

48.0 

.7 

67.2 

11.1 

13.2 

2.9 

4.8 

4.8 

3.1 

11.4 

32.8 

.2 

___ 

14.5 

7.6 

17.6 

58.  1 

1.8 

2.0 

0.9 

.9 

Nevada 

6.3 
2.9 

6.3 

4.0 

... 

.4 
9.3 

.3 

7.3 

9.5 

20.0 

12.9 

33.0 

2.9 

5.8 

2.9 

7.3 

3.6 

20.6 
6.3 

37.6 

6.3 

26.5 

4.0 

112.9 

.6 

144.0 

Total 

72.7 

.9 

43.6 

34.5 

3.6 

9.2 

31.9 

224.4 

6.4 

427.  2, 

Table  17. — Mileage  of  completed  stage  im^provements  substituted  for  replaced 
roads  to  June  30,  1930,  by  types  of  construction,  by  States 


state 

Graded  and 
drained 

Low-cost 

bituminous 

mixture 

Portland 
cement 
concrete 

Total 

3.8 

3.8 

Minnesota 

6.6 

6  6 

Oklahoma                                                  .      

6.7 
7.6 
18.1 
13.6 

6.7 

South  Carolina...          .  _  . 

7.6 

Te.xas 

18.  1 

Wisconsin.  .                           .      

13.6 

Wyoming.. .  ...  

9.8 

9.8 

Total 

6.6 

9.8 

49.8 

66.2 
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Table  18. — Mileage  of  initial  improvment  under  construction  on  June  30,  1930, 
substituted  for  replaced  roads,  l}y  types  of  construction,  by  States 


State 

Graded 

and 
drained 

Gravel, 
untreated 

Bitumi- 
nous 
macadam 

Portland 
cement 
concrete 

Bridges 
and  ap- 
proaches 

Total 

Arkansas 1 

17.0 

9.5 

.4 

1.0 

0.1 
.7 
.1 
.3 
.7 
.1 
.1 
.1 
.2 

17.  1 

Colorado L. 

10.2 

Connecticut - . 

.5 

Kansas    6.7 

8.0 

Louisiana.  

Massachusetts               .. -  j 

7.3 

5.1 
12.8 

12.5 

Michigan            .             -  .     .     | 

12.9 

Minnesota          .- ..    . 

12.0 

12.  1 

Mississippi i            1.3 

1.5 

Montana           !     -  .     

16.6 

16.6 

New  Mexico  J 

.5 

.5 

Pennsylvania. .  

6.0 

6.0 

South  Dakota      

15.8 

15.8 

.     13.4 
15.4 

13.4 

W  isconsin      

12.7 

.1 

28.2 

Total 

8.0 

57.1 

7.3 

80.6 

3.0 

156.0 

Note.— The  only  mileage  of  stage  improvement  under  construction  on  June  30,  1930,  substituted  for 
abandoned  roads  is  6  miles  of  Portland  cement  concrete  in  Minnesota. 

As  the  substituted  sta»e  improvements  are  applied  to  roads  already 
improved  to  a  certain  degree  with  Federal  aid,  the  net  effect  of  all 
the  above-described  substitutions  upon  the  mileage  considered  as 
improved  with  Federal  aid  is  to  reduce  the  mileage  at  present  im- 
proved or  under  improvement  by  the  difference  between  696  and 
583.2,  or  112.8  miles.  A  comparison  of  the  replaced  and  substituted 
initially  improved  mileages,  by  States,  is  given  in  Table  19. 

Table   19. — Comparison   of    the   replaced    and    substituted    initially   improved 
mileages  on  June  30,  1930^  by  States 


State 


Alabama 

Arkansas.. 

Colorado 

Connecticut 

Kansas 

Louisiana 

Massachusetts. 

Michigan 

Minnesota 

Mississippi 

Montana 

Nebraska 

Nevada 

New  Mexico... 

New  York 

North  Dakota. 

Oklahoma 

Pennsylvania.. 
Soutli  Carolina 
South  Dakota.. 

Texas 

Vermont 

Virginia 

West  Virginia.. 

Wisconsin 

Wyoming 

Total.... 


Replaced 
mileage 


5.5 

99.1 

.3 

.1 

3.6 

1.1 

.6 

20.9 

206.8 

.3 

.2 

.2 


(') 


9.9 
1.1 
7.1 
.2 
2.3 

15.0 

7.4 

.3 

25.7 

2.2 

275.7 

10.4 


696.0 


Substituted 
mileage 


6.3 


33. 

2. 
6. 
C-) 
15. 

13. 

37. 

6. 

172. 


583.2 


Changes  in  the  mileage 
of  roads  improved 
with  Federal  aid 


Increase 
(miles) 


.4 
17.6 

2.5 
16.7 

6.5 


1.2 

18.4 

.7 

6.3 


8.4 

25.9 

2.7 

3.7 


13.1 
11.9 
4.1 


162.0 


Decrease 
(miles) 


136.6 


2.1 


103.5 
10.4 


1  Less  than  0.1  mile. 


2  Stage  improvement  substituted. 
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TYPES  OF  FEDERAL-AID  ROADS 

The  7,317.4  miles  initially  improved  during  the  year  consists  of 

2.556.2  miles  of  graded  and  drained  earth  roads;  227.1  miles  of  un- 
treated sand-clay  roads;  1,382.5  miles  of  untreated  gravel  roads;  66.3 
miles  of  bituminous-treated  gravel  roads;  36.2  miles  of  water-bound 
macadam  roads;  14.1  miles  of  surface-treated  macadam  roads;  160.4 
miles  of  low-cost  bituminous  mixed  surfaces;  318.5  miles  of  bitumi- 
nous macadam  roads;  135.2  miles  of  bituminous  concrete  pavement; 

2.340.3  miles  of  Portland  cement  concrete  pavement ;  and  40  miles  of 
block  pavement.  The  remaining  40.6  miles  is  made  up  of  numerous 
bridges  and  their  approaches,  each  structure  more  than  20  feet  in 
length. 

Of  these  roads  initially  improved,  39  per  cent  of  the  mileage  is 
improved  with  bituminous  macadam  or  one  of  the  higher  types  of 
pavement;  3  per  cent  with  intermediate  bituminous-treated  types  of 
surface ;  and  58  per  cent  with  untreated  macadam  and  lower  types  of 
surface,  including  a  considerable  mileage  that  is  only  graded  and 
drained. 

The  choice  of  surface  type,  in  all  cases  representing  the  concur- 
rence of  the  bureau  and  the  respective  State  highway  departments, 
is  made  after  consideration  of  the  traffic  requirements,  the  availability 
of  funds,  the  general  level  of  road  improvement  in  the  area,  and 
other  pertinent  factors.  In  general,  the  types  built  are  in  close 
accord  with  the  demands  of  traffic,  and  the  more  resistant  and  hence 
more  expensive  improvements  are  found  to  the  greater  extent  in 
those  sections  of  the  country  where  traffic  is  heaviest.  This  fact  is 
indicated  by  Table  20,  in  which  the  number  of  registered  motor 
vehicles  per  mile  of  the  Federal-aid  system  in  each  geographic  area 
is  used  as  an  approximate  index  of  the  general  density  of  traffic  in 
the  area. 


Table  20. — Relation  of  the  types  of  initial  improvements  completed  during  the 
fiscal  year  1930  and  the  general  density  of  motor-vehicle  traffic  on  the  Fed- 
eral-aid highicay  system,  bg  groups  of  States 


Number 
of  motor 
vehicles 
per  mile  of 
Federal-aid 
system  i 

Percentage  of  mileage  of  initial  im- 
provements completed 

Group  of  States 

Bitumi- 
nous mac- 
adam and 

higher 
types 

Intermedi- 
ate bi- 
tuminous- 
treated 
types 

Untreated 

macadam 

and  lower 

types 

Middle  Atlantic 

395 

268 

240 

230 

107 

97 

83 

75 

40 

90 
87 
25 
84 
Gl 
28 
23 
15 
3 

10 

New  England .  .. 

10 
20 

3 

Pacific - 

55 

East  North  Central 

16 

South  Atlantic 

3 

36 

West  South  Central 

72 

East  South  Central 

77 

West  North  Central 

3 
6 

82 

Mountain. 

91 

Total 

137 

39 

3 

58 

1  As  registered  in  the  several  States  during  the  calendar  year  1929. 
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The  effect  of  stafje  construction  and  the  substitution  of  higher 
types  of  improvement  for  replaced  early  improvements  outside  of  the 
Federal-aid  system  is  shown  by  the  fact  that  whereas  the  pavement 
types  and  bituminous  macadam  constituted  only  39  per  cent  of  the 
total  of  mileage  initially  improved,  the  net  increase  in  the  mileage  of 
these  tyi^es  was  61  per  cent  of  the  total  net  increase  in  mileage,  ex- 
clusive of  bridges,  during  the  year.  The  intermediate  bituminous- 
treated  types  of  surface  which  formed  only  3  per  cent  of  the  year's 
initial  improvements  constituted  9  per  cent  of  the  net  increase  in 
mileage;  and  the  untreated  macadam  and  lower  types  including 
graded  and  drained  earth  roads,  which  made  up  58  per  cent  of  the 
initially  improved  mileage  were  only  30  per  cent  of  the  net  increase 
in  mileage.  Graded  and  drained  earth  roads,  which  constituted  35 
per  cent  of  the  initially  improved  mileage  formed  only  17  per  cent 
of  the  net  increase  in  mileage. 

As  shown  by  Table  21,  the  percentage  increases  in  the  mileage  of 
low-cost  bituminous-mixed  surfaces  and  bituminous-treated  gravel 
surfaces  were  greater  than  the  increases  of  any  other  type.  The 
large  percentages  in  the  case  of  these  types,  however,  are  the  result 
of  the  relatively  small  mileages  involved.  Of  the  types  of  which 
there  are  large  mileages,  Portland  cement  concrete  shows  the  largest 
perecentage  increase.  The  same  table  also  shows  that  the  increase 
of  the  four  higher  types  of  improvement  was  13  per  cent,  as  com- 
pared Avith  4.7  per  cent  for  the  lower  types,  and  a  general  increase 
of  7.8  per  cent. 

Table  21. — Mileage  of  the  several  types  of  Federal-aid  roads  improved  at  the 
close  of  the  fiscal  years  1929  and  1930,  and  percentage  of  change 


Type 

Mileage 

at  close  of 

fiscal  year 

1929 

Mileage 

at  close  of 

fiscal  year 

1930 

Percentage 
change  dur- 
ing fiscal 
year  1930 

Graded  and  drained                                  

11,407.8 

7, 049.  0 
16.5 

27, 946.  9 
364.  6 

1,  747.  1 

639.6 

294.3 

3,671.9 

3,  039.  1 

20,  612.  0 

866.6 

12,  448.  5 

7, 166.  2 
16.5 

28,  607.  9 
482.5 

1,  754. 1 

603.4 

742.0 

4,  057.  1 

3,  204.  7 

23,  693.  3 

904.7 

9.1 

Sand-play:                                                                                     ^ 

Untreated jfe 

Treated                                      " 

1.7 

Gravel: 

2.4 

Treated               .        

32.3 

Macadam: 

.4 

Treated   

-5.7 

Low-cost  bituminous  mix --  - 

152.1 

10.5 

5.4 

Portland  cement  concrete                 -  -      

14.9 

Block                                             -  - 

4.4 

Total 

77,  655.  4 

83,  680.  9 

7.8 

Of  the  84,012.8  miles  classified  as  improved  with  Federal  aid  at 
the  close  of  the  year,  12,448.5  miles  are  graded  and  drained  earth 
roads;  7,166.2  miles  are  untreated  sand-clay  roads;  16.5  miles  are 
bituminous-treated  sand-clay  roads;  28,607.9  miles  have  untreated 
gravel  surfaces  and  482.5  miles  bituminous-treated  surfaces  of  the 
same  type;  1.754.1  miles  have  water-bound  macadam  surfaces;  603.4 
miles  are  surfaced  with  bituminous-treated  macadam;  742  miles  are 
improved  wuth  low-cost  bituminous-mixed  surfaces ;  4,057.1  miles  are 
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surfaced  with  bituminous  macadam;  3,204.7  miles  are  paved  with 
bituminous  concrete;  23,693.3  miles  are  Portland  cement  concrete 
pavements;  and  904.7  miles  are  block  pavements.  The  remaining 
331.9  miles  consists  of  bridges,  each  more  than  20  feet  in  span,  and 
their  approaches. 

BRIDGE  CONSTRUCTION 

The  bridges  completed  as  initial  improvements  during  the  year, 
with  their  approaches,  have  an  aggregate  length  of  40.6  miles. 
Those  added  by  stage  construction  aggregate  5.3  miles,  making  a 
total  of  45.9  miles  of  bridges  and  their  approaches  completed  during 
the  fiscal  year.  This  may  be  compared  with  the  corresponding  figure 
of  47.1  miles  completed  during  the  fiscal  year  1929.  The  bridges 
under  construction  and  approved  for  construction  at  the  end  of  the 
year,  as  both  initial  and  stage  construction,  have,  with  their  ap- 
proaches, a  total  length  of  85.7  miles. 

Including  the  structures  just  completed,  the  Federal-aid  bridges 
now  in  use  have  a  total  length,  with  their  approaches,  of  331.9  miles. 

A  list  of  the  bridges  completed  during  the  year  which  cost  $75,000 
or  more  is  given  in  Tabte  22.  These,  the  longest  and  most  expensive 
of  the  projects  completed,  vary  in  length  from  about  one-tenth  of  a 
mile  to  nearly  2  miles  and  have  an  aggregate  length,  with  their 
aj^proaches,  of  10.4  miles.  The  rest  of  the  mileage  completed  is 
made  up  of  numerous  smaller  and  less  expensive  bridges,  all  more 
than  20  feet  in  span. 

Table  22. — Federal-aid  bridges  completed  during  the  fiscal  year  1930  at  a  cost 

of  $75,000  or  more  each 


State 


Arkansas 

Do 

Arkansas  -  Tennes- 
see. 
California 

Do 

Do 

Connecticut 

Delaware 

Florida 

Indiana 

Kansas 

Louisiana 

M  assachusetts 

Michigan 

Do 

Do 

Do 

Minnesota-North 

Dakota. 
Mississippi 

New  York 

North  Dakota 

17103—2 


Location 


Marianna- Memphis  Highway. 

Princeton-Camden   Road 

Memphis,  Tenn.,  and  Chat- 
field,  Ark. 
The  Coast  Road 

Elk  Valley  Road 

Valley  Road  between  Bakers- 
field  and  San  Fernando. 
Between  Hartford  and   Put- 
nam. 

Newport  Highway 

State  Road  No.  2 

The  Dixie  Bee  Line  Highway. 
Wamego-Eskridge  Highway... 

Tullos-Rochelle  Highway 

Northampton  Highway 

Ann  Arbor-Battle  Creek  Road. 

The  River  Road 

Monroe-Detroit      Road      in 

Wayne  County. 
Bedford-Pontiac  Road 

East  Grand  Forks,  Minn.- 
Grand  Forks,  N.  Dak. 

The  Delta  Road  in  Warren 
County 

Bradford-Carrollton 

State  Route  No.  5 

3 


Stream  or  railroad 


St.  Francis  River 

Fourbridge?,  Ouachita  River. 
Mississippi  River 

Overhead  crossing,  Southern 
Pacific  Railroad. 

Smith  River 

Santa  Clara  River 

Willimantic  River 

Christiana  River 

Dead  River 

White  River 

Kansas  River 

Little  River 

Manhan  River 

Overpass,  Michigan  Electric 
Railway  &  Michigan  Cen- 
tral Railroad. 

Saginaw  River 

Underpass,    Wabash    Rail- 
way yard. 
Underpass,    Grand    Trunk 

Railroad. 
Red  River  of  the  North 

Yazoo  River  (two  bridges).. 

Overpass,  Erie  Railroad 

Des  Lac  Lake  Crossing 


Estimated 
total  cost 


Dollars 
251,  700 
270,  200 

1,  237,  300 

77,  500 

160,  400 
201,  300 

76,100 

144,  500 
84,000 
253,300 
132, 100 
118,500 
119,900 
102,  200 


91,500 
682,000 

95.100 

325,  200 

365,  200 

184,000 
118,  000 


Length 
of  bridge 

and  ap- 
proaches 


Miles 
0.3 


1.8 
.1 
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Table  22. — Federal-aid  bridges  completed  during  the  fiscal  year  1930  at  a  cost 
of  $75,000  or  more  each — Continued 


State 

Location 

Stream  or  railroad 

Estimated 
total  cost 

Length 
of  bridge 
and  ap- 
proaches 

Ohio    . 

Ohio   River    Road,    Belmont 
County. 

Cleveland  -  East     Liverpool 
Highway. 

At  Vermilion 

Overpass,  Pennsylvania 
Railroad    Co.,    Wheeling 
&  Lake  Erie  Railroad  Co., 
and    WheeUng    Traction 
Co. 

Overpass,  Pennsylvania 
Railroad    Co.,    Wheeling 
&  Lake  Erie  Railroad  Co., 
and  Northern  Ohio  Trac- 
tion &  Light  Co. 

Vermilion  River 

Dollars 
85,600 

500,000 

114,500 
80,800 

108,400 
124,  700 
303,400 

283,200 

117,700 
250, 900 

341,  600 
75,300 

121,  600 

83,800 

79,600 

267,700 
155,  500 

Miles 
0.1 

Do 

.3 

Do 

.2 

Do 

U.  S.  Route  No.  11  at  Austin- 
town. 
AtMaupin..  .  .  .. 

Meander  Creek 

Oregon 

Deschutes  River .. 

.3 

Do 

Between  Reedsport  and  Drain 

Lock  Haven-North   Bend 
Road. 

Between  Newberry  and  Co- 
lumbia. 

Knox ville- Ashe ville  Road 

Memphis  -  Bristol    Highway 
near  Brownsville. 

The   Brenham  -  Hempstead 
Road. 

Highway    No.    12,    Victoria 
County. 

State  Route  No.  36  in  Clarke 
County. 

Alexandria  -   Fredericksburg 
Road. 

Pacific     Highway,     between 
Kelso  and  Vancouver. 

Between  Colville  andLaurier. 

Atwater  crossing  near  Shore- 
wood. 

Umpqua  River 

.3 

Pennsylvania 

Susquehanna  River 

.2 

South  Carolina 

Tennessee    . 

Broad  River  and  Columbia 
Canal. 

French  Broad  River 

Hatehie  Rivei^... 

.2 
.3 

Do 

.6 

Texas 

Brazos  River 

.2 

Do 

Coleto  Creek    

.1 

Virginia  .    . 

Shenandoah  River .. 

.2 

Do 

Occoquan  Creek-   

.2 

Washington 

Kalama  River     .      

.1 

Do... 

Columbia  River 

.2 

Wisconsin 

Underpass,  Chicago  & 
Northwestern  Railroad. 

.1 

PROVISION  FOR  CONSTRUCTION  OF  CERTAIN  ROADS  AT  THE  SOLE 
EXPENSE  OF  THE  FEDERAL  GOVERNMENT 

On  June  24,  1930,  an  act  was  approved  which  authorizes  the  Secre- 
tary of  Agriculture  to  cooperate  w^ith  the  State  highw^ay  depart- 
ments and  the  Department  of  the  Interior  in  the  survey,  construc- 
tion, reconstruction,  and  maintenance  of  main  roads  through  unap- 
propriated or  unreserved  public  lands,  nontaxable  Indian  lands, 
or  other  Federal  reservations  other  than  forest  reservations.  No 
contribution  from  the  States  will  be  required  toward  the  improve- 
ment of  roads  built  under  the  provisions  of  this  act  over  lands  of 
the  character  described. 

The  act  provides  that  the  appropriations  which  the  Congress  may 
authorize  under  its  provisions  shall  be  apportioned  among  those 
States  having  more  than  5  per  cent  of  their  area  in  lands  of  the  sev- 
eral kinds  described,  and  shall  be  prorated  to  such  States  in  the 
proportion  that  such  lands  in  each  State  bear  to  the  total  area  of 
land  of  like  character  in  all  the  eligible  States. 

The  act  provides  further  that  in  the  allocation  of  funds  authorized 
preference  shall  be  given  to  those  projects  wdiich  are  located  in  the 
Federal-aid  highway  system  as  now  or  hereafter  designated. 

No  appropriation  has  yet  been  authorized  and  no  construction  can 
be  undertaken  until  funds  are  provided.  Meanwhile  consideration 
is  being  given  to  the  procedure  that  will  be  required  to  gi^^e  effect 
to  the  provisions  of  the  act. 
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As  the  department  is  authorized  to  cooperate  only  with  State  high- 
way departments  and  the  Department  of  the  Interior  it  appears  that 
the  application  of  the  act  is  limited  to  those  main  roads  included  in 
the  Federal-aid  highway  system  as  now  designated  and  those  now 
under  the  jurisdiction  of  the  State  highw^ay  departments  or  which 
may  be  taken  into  the  State  systems. 

The  survey  of  traffic  on  the  Federal-aid  system  in  the  Western 
States,  now  nearing  completion,  wall  supply  data  with  reference  to 
the  general  average  of  traffic  on  the  main  roads  of  these  States  which 
may  be  taken  as  a  standard  with  which  to  measure  the  eligibility 
of  other  roads  not  included  in  the  survey.  As  specifically  provided 
by  the  act,  preference  will  be  given  to  those  roads,  qualifying  as 
main  roads  in  view  of  the  density  of  the  traffic  they  serve,  which 
are  now  included  in  the  Federal-aid  system  or  which  will  serve  as 
desirable  extensions  of  that  system  as  at  present  designated. 

Reasonable  application  of  the  act  would  seem  to  be  confined  to 
roads  of  the  Federal-aid  and  State  highway  systems;  to  those  that 
the  States  have  autliority  to  take  over  as  parts  of  the  State  systems 
or  will  obtain  authority  to  take  over  as  enlargements  of  the  main 
road  system ;  to  reads  in  Indian  or  other  reservations  under  the  De- 
partment of  the  Interior,  which  the  Secretary  of  the  Interior,  the 
Secretary  of  Agriculture,  and  the  respective  State  highway  depart- 
ments consider  as  desirable  additions  to  the  main  roads  system ;  and 
to  a  possible  limited  mileage  of  roads  in  Federal  reservations,  other 
than  national  forests,  and  not  under  the  control  of  the  Department 
of  the  Interior. 

As  in  many  places  the  unappropriated  and  unreserved  public  lands 
are  not  continuous  over  a  large  area,  it  is  anticipated  that  roads 
qualifying  as  "  main  roads "  and  selected  for  improvement  under 
this  act  may  pass  alternately  through  public  and  private  land.  In 
such  cases  it  seems  clear  that  the  authority  granted  to  the  Federal 
Government  to  pay  the  entire  cost  of  improvement  extends  only  to 
those  parts  of  such  roads  that  actually  lie  within  publicly  owned  land. 

FEDERAL  FUNDS  APPORTIONED  AND  OBLIGATED 

The  appropriation  authorized  for  the  fiscal  year  1930  w^as  $75,000,- 
000,  the  same  amount  that  has  been  authorized  for  each  year  since 
1925.  This  sum,  less  21^  per  cent  deducted  for  Federal  administra- 
tion and  highw^ay  research,  was  apportioned  among  the  several  States 
and  the  Territory  of  Hawaii  on  December  29,  1928 ;  and  the  amount 
credited  to  each  State  is  shown  in  Table  36. 

As  contemplated  by  the  provision  of  the  law  which  requires  the 
aportionment  of  the  funds  authorized  for  each  fiscal  year  at  least 
six  months  before  the  beginning  of  the  fiscal  year,  a  portion  of  the 
1930  funds  was  obligated  before  the  beginning  of  the  year,  and 
there  remained  at  that  time  an  unobligated  balance  of  only 
$56,339,874.64. 

The  original  authorization  for  the  fiscal  year  1931  was  also  $75,- 
000,000,  and  the  $73,125,000  of  this  sum  remaining  after  deduction 
of  the  administrative  percentage  was  apportioned  on  December  2, 
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1929.  This  entire  amount  was  available  for  allotment  to  new  proj- 
ects immediately  upon  its  apportionment;  but  if  there  had  been  no 
further  authorization,  onW  so  much  of  it  as  would  provide  for  an 
uninterrupted  program  at  the  rate  set  by  the  $75,000,000  appropria- 
tions, would  have  been  allotted  during  the  remainder  of  the  fiscal 
year,  and  the  year  would  have  ended  with  an  unobligated  balance 
approximately  equal  to  that  which  remained  at  the  end  of  the  preced- 
ing year.  This  would  have  entailed  the  allotment  of  about  $17,000,- 
000  during  the  months  from  January  to  June,  inclusive,  leaving  the 
balance  of  approximately  $56,000,000  to  be  obligated  to  new  projects 
between  July  1,  19^50,  and  the  date  of  the  next  apportionment,  which 
normally  would  have  been  in  December,  1930. 

That  this  does  not  approximate!}'^  express  the  result  of  the  year's 
activity  is  due  to  the  fact  that  Congress,  in  the  act  approved  April 
4,  1930,  authorized  an  additional  appropriation  of  $50,000,000  for  the 
fiscal  year  1931,  raising  the  total  authorized  for  that  year  to  $125,- 
000,000;  and  this  additional  sum,  immediately  apportioned,  was  also 
available  for  allotment  to  projects  immediately.  By  this  act,  which 
also  authorized  appropriations  of  $125,000,000  for  the  fiscal  years 
1932  and  1933,  Congress  provided  for  a  program  at  the  higher  rate, 
and  the  States  proceeded  immediately  to  adjust  their  plans  to  the 
increased  rate.  Although  only  three  months  of  the  fiscal  year  re- 
mained, the  results  show  that  this  adjustment  was  very  promptly 
begun,  for  instead  of  obligating  approximately  $73,000,000,  as  would 
otherwise  have  been  the  case,  the  amount  obligated  during  the  fiscal 
year  reached  $102,498,083.84,  which  was  more  than  $32,000,000 
greater  than  the  obligations  during  the  preceding  fiscal  year  and  the 
greatest  amount  thus  far  obligated  in  any  year. 

It  was  pointed  out  in  the  last  annual  report  that  the  unobligated 
balance  of  funds  authorized  for  previous  years  had  been  absorbed 
and  that,  for  the  first  time  since  1923,  the  funds  obligated  during 
the  fiscal  year  1929  were  within  the  sum  apportioned  for  the  year. 
It  was  stated  that,  although  the  expenditure  of  $82,097,380.38  was 
considerably  in  excess  of  the  rate  of  authorization,  and  although  this 
condition  might  be  expected  to  exist  for  a  year  or  two  longer,  since 
there  is  a  normal  interval  of  from  one  to  two  years  between  obligation 
and  expenditure  of  the  money,  the  point  had  by  that  time  definitely 
been  reached  at  which,  unless  there  were  immediate  increase  in  the 
appropriations  authorized  the  rate  of  construction  of  Fe<leral-aid 
roads  maintained  for  several  years  past  would  be  curtailed. 

During  the  fiscal  year  1930  the  expenditure  of  $75,880,862.84, 
although  more  than  $6,000,000  less  than  the  previous  year's  expendi- 
ture, was  still  slightly  greater  than  the  funds  apportioned  for  the  year. 
It  may  be  expected  that  the  large  increase  in  funds  obligated,  as 
shown  by  Table  23,  will  result  in  a  considerable  increase  in  the 
expenditure  next  year;  but  the  annual  expenditures  will  not  reach  the 
rate  fixed  by  the  new  authorizations  of  $125,000,000  for  at  least  two 
years  and  perhaps  longer. 
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Table  23. — Federal-aid  funds  apportioned  to  the  States  and  oUiffated  by  them 
for  the  fiscal  years  1923  to  1930,  inclusive 


Fiscal  year 


1923 
1924 
1925 
1926 
1927 
1928 


Apportioned 

amount  of 

appropriation 

authorized  for 

the  year 


$48,  750, 000 
63, 375,  COO 
73, 125, 000 
73, 125, 000 
73, 125, 000 
73, 125, 000 


Amount  of 
Federal-aid 
funds  obli- 
gated during 
the  year 


$77, 461,  559 
89, 866, 864 
87,  294,  396 
79, 608,  897 
77, 453,  046 
88, 922, 185 


Fiscal  year 


1929 

1930 

Total... 
Average 


Apportioned 

amount  of 

appropriation 

authorized  for 

the  year 


$73, 125, 000 
73, 125,  000 


550,  875, 000 
68, 859,  375 


Amount  of 
Federal-aid 
funds  obli- 
gated during 
the  year 


$70, 428,  896 
1  102,  498,  084 


673,  533,  927 
84, 191,  741 


1  The  sharp  increase  represented  by  this  amount  is  due  to  the  obligation  of  a  considerable  portion  of  the 
enlarged  apportionment  for  the  fiscal  year  1931. 

Although  the  balance  of  all  apportionments,  including  that  for 
the  fiscal  year  1931,  unobligated  at  the  close  of  the  fiscal  year  1930 
was  only  $75,716,790.80,  from  which  it  would  appear  that  the  entire 
apportionment  for  1930  and  previous  years  had  been  absorbed  and 
$46,158,209.20  of  the  apportionment  of  $121,875,000  for  1931  in  addi- 
tion, this  does  not  represent  the  true  situation.  As  a  matter  of  fact, 
1  State — Vermont — had  already  obligated  the  entire  amount  of 
its  apportionment  of  the  1931  authorization;  2  others — Iowa  and 
Maryland — had  unobligated  balances  of  the  most  recent  apportion- 
ment that  could  be  absorbed  on  a  mile  of  road;  and  37  other  States, 
making  a  total  of  40,  had  begun  to  obligate  their  1931  apportion- 
ments and  had  drawn  more  or  less  deeply  on  these  credits.  Of  the 
remaining  8  States,  7 — Alabama,  Arizona,  Florida,  Maine,  Massa- 
chusetts, Montana,  and  New  York — still  had  not  obligated  the  entire 
amount  of  their  1930  apportionments,  and  1 — Mississippi — had  a 
small  balance  of  its  1929  apportionment  and  the  entire  apportion- 
ment for  1930  still  unobligated. 

The  Territory  of  Hawaii,  which  receives  the  minimum  apportion- 
ment of  0.5  per  cent  of  the  amount  available  annually  for  apportion- 
ment, had  failed  by  June  30,  1930,  to  expend  $326,864.96  of  the 
amount  apportioned  to  it  for  the  fiscal  year  1928.  As  the  law  pro- 
vides that  the  amounts  apportioned  for  ea.ch  fiscal  year  must  be 
expended  by  the  end  of  the  second  succeeding  fiscal  year,  and  that 
balances  not  expended  with  the  prescribed  period  must  be  reappor- 
tioned among  all  the  States,  Hawaii  loses  the  above  amount,  which 
will  be  immediately  reapportioned  among  all  the  States  and  the 
Territory  in  accordance  with  the  rule  established  for  original 
apportionment. 

COST  OF  THE  ROADS 

The  total  cost  of  the  7,317.4  miles  of  initial  construction  and  the 
2,011.2  miles  of  stage  construction  completed  during  the  year  was 
$193,648,148.64,  of  which  the  Federal  Government  paid  $82,158,- 
756.79,  or  42  per  cent,  and  the  States  the  balance.  These  expendi- 
tures were  made  over  the  period  required  to  construct  the  roads, 
between  one  and  two  years.  During  the  same  period  there  were 
additional  expenditures  for  other  projects  under  construction  and 
not  yet  completed. 
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The  Federal  funds  disbursed  during  the  year  on  all  projects  active 
during  the  period  amounted  to  $75,880,862.84,  as  shown  in  Table  36. 
This  was  $6,216,517  less  than  the  expenditures  of  the  previous  year, 
but  still  slightlv  above  the  rate  set  by  the  annual  appropriation  of 
$75,000,000. 

The  largest  disbursements  during  the  year  were  made  to  Cali- 
fornia, Missouri,  New  York,  Pennsylvania,  Texas,  and  Wisconsin. 
To  each  of  these  States  the  Federal  Government  paid  more  than 
$3,000,000.    All  other  States  received  less  than  that  amount. 

SUMMARY  OF  FEDERAL-AID  ROAD  WORK,  BY  STATES 

The  progress  made  in  each  of  the  States  during  the  year  and  the 
results  of  the  14  years  of  Federal-aid  road  construction  are  reported 
in  the  following  condensed  summary  for  each  State. 

ALABAMA 

The  Federal-aid  highway  system  includes  3,884  miles,  of  which 
2,153.8  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  194.2  miles  were  added  during  the  year.  At  the  close  of 
the  year  105.4  miles  were  under  construction. 

The  mileage  improved  with  Federal  aid  consists  of  259.7  miles  of 
graded  and  drained  earth  roads,  523.2  miles  of  untreated  sand-clay, 
940.1  miles  of  untreated  gravel,  4.4  miles  of  treated  gravel,  20.8 
miles  of  treated  macadam,  62.8  miles  of  bituminous  macadam,  104.3 
miles  of  bituminous  concrete,  and  228.6  miles  of  Portland  cement  con- 
crete, in  addition  to  which  there  are  bridges  and  approaches  with  a 
total  length  of  9.9  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  14.5  miles  of  stage  construction,  was  $3,073,848.12,  of  which 
the  Federal  share  was  $1,443,082.40.  The  disbursement  of  Federal 
funds  to  the  State  was  $1,092,685.93.  The  unobligated  balance  avail- 
able on  June  30,  1930,  of  all  appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $4,083,610.18. 

ARIZONA 

The  Federal-aid  highway  system  includes  1,979  miles,  of  which 
810.3  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  43.1  miles  were  added  during  the  year.  At  the  close  of  the 
year  285.6  miles  were  under  construction. 

The  mileage  improved  with  Federal  aid  consists  of  80.2  miles  of 
graded  and  drained  earth  roads,  58.8  miles  of  untreated  sand-clay, 
462  miles  of  untreated  gravel,  55.8  miles  of  low-cost  bituminous- 
mixed  surface,  38.1  miles  of  bituminous  concrete,  and  109.3  miles  of 
Portland  cement  concrete,  in  addition  to  which  there  are  bridges  and 
approaches  with  a  total  length  of  6,1  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year 
including  46.6  miles  of  stage  construction,  was  $1,535,443.88,  of  which 
the  Federal  share  was  $1,379,714.19.  The  disbursement  of  Federal 
funds  to  the  State  was  $1,560,058.27.  The  unobligated  balance  avail- 
able on  June  30,  1930,  of  all  appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $1,898,927.83. 
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ARKANSAS 

The  Federal-aid  highway  system  includes  5,019  miles,  of  which 
1,741.4  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage  102.6  miles  were  added  during  the  year.  At  the  close  of  the 
year,  189.1  miles  were  under  construction  and  86.4  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consists  of  86.3  miles  of 
graded  and  drained  earth  roads,  1,029.4  miles  of  untreated  gravel, 
6.4  miles  of  treated  gravel,  41.5  miles  of  untreated  macadam,  110.6 
miles  of  treated  macadam,  257.9  miles  of  bituminous  concrete,  and 
197.4  miles  of  Portland  cement  concrete,  in  addition  to  which  there 
are  bridges  and  approaches  with  a  total  length  of  11.9  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  14.3  miles  of  stage  construction,  was  $3,401,174.82,  of  which 
the  Federal  share  was  $1,685,445.48.  The  disbursement  of  Federal 
funds  to  the  State  was  $650,764.79.  The  unobligated  balance  avail- 
able on  June  30,  1930,  of  all  appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $1,518,012.42. 

CALIFORNIA 

The  Federal-aid  highway  system  includes  4,889  miles,  of  which 
1,880.2  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  335.6  miles  were  added  during  the  year.  At  the  close  of  the 
year,  147.2  miles  were  under  construction  and  36.1  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consi  ,ts  of  382.5  miles  of 
graded  and  drained  earth  roads,  468.7  miles  of  untreated  gravel,  22.5 
miles  of  untreated  macadam,  133.6  miles  of  low-cost  bituminous-mixed 
surface,  96.8  miles  of  bituminous  macadam,  174.7  miles  of  bituminous 
concrete,  and  590.8  miles  of  Portland  cement  concrete,  in  addition  to 
which  there  are  bridges  and  approaches  with  a  total  length  of  10.6 
miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  20  miles  of  stage  construction,  was  $11,396,353.24,  of  which 
the  Federal  share  was  $5,087,674.79.  The  disbursement  of  Federal 
funds  to  the  State  was  $3,931,822.91.  The  unobligated  balance  avail- 
able on  June  30,  1930,  of  all  appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $1,743,512.14, 

COLORADO 

The  Federal-aid  highway  system  includes  3,332  miles,  of  which 
1,208.1  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  72.3  miles  were  added  during  the  year.  At  the  close  of  the 
year  221.9  miles  were  under  construction,  and  29  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consists  of  200.5  miles  of 
graded  and  drained  earth  roads,  67.1  miles  of  untreated  sand-clay, 
458.7  miles  of  untreated  gravel,  101.2  miles  of  untreated  macadam, 
47.7  miles  of  low-cost  bituminous-mixed  surface,  13.1  miles  of  bitumi- 
nous concrete,  and  306.1  miles  of  Portland  cement  concrete,  in  addi- 
tion to  which  there  are  bridges  and  approaches  with  a  total  length  of 
13.7  miles. 
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The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  38.1  miles  of  stage  construction,  was  $1,883,264.93,  of  Avhich 
the  Federal  share  was  $994,769.96.  The  disbursement  of  Federal 
funds  to  the  State  was  $1,402,620.46.  The  unobligated  balance  avail- 
able on  June  30,  1930,  of  all  appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $2,283,553.54. 

CONNECTICUT 

The  Federal-aid  highway  system  includes  836  miles,  of  which  243.3 
miles  have  been  improved  with  Federal  aid.  Of  the  improved  mile- 
age, 14.1  miles  were  added  during  the  year.  At  the  close  of  the  year 
10.9  miles  were  under  construction,  and  7.9  miles  had  been  approved. 

The  mileage  improved  with  Federal  aid  consists  of  0.2  mile  of 
untreated  gravel.  17.2  miles  of  untreated  macadam,  39.7  miles  of 
bituminous  macadam,  0.6  mile  of  bituminous  concrete,  and  181.6  miles 
of  Portland  cement  concrete,  in  addition  to  which  there  are  bridges 
and  approaches  with  a  total  length  of  4  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year 
was  $770,370.16,  of  which  the  Federal  share  was  $255,295.83.  The 
disbursement  of  Federal  funds  to  the  State  was  $281,922.76.  The 
unobligated  balance  available  on  June  30,  1930,  of  all  appropriations 
authorized  and  apportioned  up  to  that  date  was  $714,247.71. 

DELAWARE 

The  Federal-aid  highway  system  includes  550  miles,  of  which  251 
miles  have  been  improved  with  Federal  aid.  Of  the  improved  mile- 
age, 45.2  miles  Avere  added  during  the  year.  At  the  close  of  the  year 
24.9  miles  were  under  construction  and  41.2  miles  had  been  approved. 

The  mileage  improved  with  Federal  aid  consists  of  11.2  miles  of 
untreated  gravel,  11.7  miles  of  low-cost  bituminous-mixed  surface, 
221.3  miles  of  Portland  cement  concrete,  and  6.2  miles  of  block  pave- 
ment, in  addition  to  which  there  are  bridges  and  approaches  with  a 
total  length  of  0.6  mile. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year 
was  $835,954.86,  of  which  the  Federal  share  was  $406,222.78.  The 
disbursement  of  Federal  funds  to  the  State  was  $594,597.88.  The 
unobligated  balance  available  on  June  30,  1930,  of  all  appropriations 
authorized  and  apportioned  up  to  that  date  was  $91,051.91. 

FLORIDA 

The  Federal-aid  highway  system  includes  1,926  miles,  of  which 
503.5  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  54.3  miles  were  added  during  the  year.  At  the  close  of  the 
year  102.6  miles  were  under  construction. 

The  mileage  improved  with  Federal  aid  consists  of  14.9  miles  of 
graded  and  drained  earth  roads,  15.6  miles  of  untreated  sand-clay, 
1  mile  of  treated  gravel,  85.4  miles  of  untreated  macadam,  67 
miles  of  treated  macadam,  72.6  miles  of  bituminous  macadam,  60.7 
miles  of  bituminous  concrete,  168  miles  of  Portland  cement  concrete, 
and  10.2  miles  of  block  pavement,  in  addition  to  which  there  are 
bridges  and  approaches  with  a  total  length  of  8.1  miles. 
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The  total  cost  of  all  Federal-aid  roads  completed  during  the  year 
was  $1,381,290.93,  of  which  the  Federal  share  was  $596,942.17.  The 
disbursement  of  Federal  funds  to  the  State  was  $660,158.48.  The 
unobligated  balance  available  on  June  30,  1930,  of  all  appropriations 
authorized  and  apportioned  up  to  that  date  was  $1,681,203.79. 

GEORGIA 

The  Federal-aid  highway  system  includes  5,554  miles,  of  which 
2,703.3  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  134.5  miles  were  added  during  the  year.  At  the  close  of  the 
year  150.8  miles  were  under  construction,  and  59.6  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consists  of  214.7  miles  of 
graded  and  drained  earth  roads,  1,129.4  miles  of  untreated  sand- 
clay,  441  miles  of  untreated  gravel.  3.7  miles  of  treated  gravel.  52.3 
miles  of  untreated  macadam,  88.5  miles  of  treated  macadam,  207.3 
miles  of  bituminous  macadam,  54.2  miles  of  bituminous  concrete, 
481.5  miles  of  Portland  cement  concrete,  and  0.5  mile  of  block  pave- 
ment, in  addition  to  which  there  are  bridges  and  approaches  with  a 
total  length  of  30.2  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  41.4  miles  of  stage  construction,  was  $2,910,553.68,  of  which 
the  Federal  share  was  $1,230,736.17.  The  disbursement  of  Federal 
funds  to  the  State  was  $623,085.28.  The  unobligated  balance  avail- 
able on  June  30,  1930,  of  all  appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $2,902,272.18. 

IDAHO 

The  Federal-aid  highway  system  includes  3,116  miles,  of  wdiich 
1,194.1  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  77.1  miles  were  added  during  the  year.  At  the  close  of  the 
year  113  miles  were  under  construction,  and  54.3  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consists  of  180.8  miles  of 
graded  and  drained  earth  roads,  582.3  miles  of  untreated  gravel, 
244.1  miles  of  untreated  macadam,  28.5  miles  of  low-cost  bituminous- 
mixed  surface,  20.4  miles  of  bituminous  macadam,  89.7  miles  of 
bituminous  concrete,  and  44.6  miles  of  Portland  cement  concrete,  in 
addition  to  which  there  are  bridges  and  approaches  with  a  total 
length  of  3.7  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year 
was  $937,768.62,  of  which  the  Federal  share  was  $565,258.96.  The 
disbursement  of  Federal  funds  to  the  State  was  $574,315.68.  The 
unobligated  balance  available  on  June  30,  1930,  of  all  appropriations 
authorized  and  apportioned  up  to  that  date  was  $1,175,024.06. 

ILLINOIS 

The  Federal-aid  highway  system  includes  6,650  miles,  of  which 
2,056.1  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  169  miles  were  added  during  the  year.  At  the  close  of  the 
year  454.4  miles  were  under  construction,  and  153.9  miles  had  been 
approved. 
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The  mileage  improved  with  Federal  aid  consists  of  183.9  miles 
of  graded  and  drained  earth  roads,  0.4  mile  of  untreated  gravel,  3.3 
miles  of  bituminous  macadam,  8.1  miles  of  bituminous  concrete, 
1,832.8  miles  of  Portland  cement  concrete,  and  25.4  miles  of  block 
pavement,  in  addition  to  which  there  are  bridges  and  approaches 
with  a  total  length  of  2.2  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year 
was  $5,021,954.42,  of  which  the  Federal  share  was  $2,201,666.48.  The 
disbursement  of  Federal  funds  to  the  State  was  $1,908,477.62.  The 
unobligated  balance  available  on  June  30,  1930,  of  all  appropriations 
authorized  and  apportioned  up  to  that  date  was  $4,656,255.25. 

INDIANA 

The  Federal-aid  highway  system  includes  4,694  miles,  of  which 

1.481.6  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  214.7  miles  were  added  during  the  year.  At  the  close  of  the 
year  153.2  miles  were  under  construction,  and  9.9  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid. consists  of  16.9  miles  of 
graded  and  drained  earth  roads,  90.2  miles  of  untreated  gravel,  17 
miles   of  bituminous   macadam,   12   miles   of   bituminous   concrete, 

1.334.8  miles  of  Portland  cement  concrete,  and  6.6  miles  of  block 
pavement,  in  addition  to  which  there  are  bridges  and  approaches  with 
a  total  length  of  4.1  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year 
was  $6,693,965.53,  of  which  the  Federal  share  was  $3,142,358.52.  "The 
disbursement  of  Federal  funds  to  the  State  was  $2,295,345.32.  The 
unobligated  balance  available  on  June  30,  1930,  of  all  appropriations 
authorized  and  apportioned  up  to  that  date  was  $2,473,551.58. 

IOWA 

The  Federal-aid  highway  system  includes  7,212  miles,  of  which 

2.979.7  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  66.8  miles  were  added  during  the  year.  At  the  close  of  the 
3^ear  242.9  miles  were  under  construction,  and  11.8  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consists  of  1,201.5  miles,  of 
graded  and  drained  earth  roads,  521.1  miles  of  untreated  gravel, 
1,233.1  miles  of  Portland  cement  concrete,  and  21.9  miles  of  block 
pavement,  in  addition  to  which  there  are  bridges  and  approaches 
with  a  total  length  of  2.1  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  146.6  miles  of  stage  construction,  was  $5,075,345.20,  of 
which  the  Federal  share  was  $2,411,131.90.  The  disbursement  of  Fed- 
eral funds  to  the  State  was  $2,504,338.70.  The  unobligated  balance 
available  on  June  30,  1930,  of  all  ap]:)ropriations  authorized  and  ap- 
portioned up  to  that  date  was  $1,892.77. 

KANSAS 

The  Federal-aid  highway  system  includes  7,917  miles,  of  which 

2.833.9  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  324.3  miles  were  added  during  the  year.    At  the  close  of  the 


BUREAU   OF   PUBLIC   EOADS  27 

year  276.5  miles  were  under  construction,  and  20.6  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consists  of  1,277.5  miles 
of  graded  and  drained  earth  roads,  276.6  miles  of  untreated  sand- 
clay,  239.7  miles  of  untreated  gravel,  4.5  miles  of  untreated  macadam, 
129.9  miles  of  bituminous  macadam,  3.5  miles  of  bituminous  con- 
crete, 722.2  miles  of  Portland  cement  concrete,  and  166  miles  of  block 
pavement,  in  addition  to  which  there  are  bridges  and  approaches 
with  a  total  length  of  14  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  16.9  miles  of  stage  construction,  was  $4,022,635.69,  of  which 
the  Federal  share  was  $1,838,127.19.  The  disbursement  of  Federal 
funds  to  the  State  was  $2,541,954.83.  The  unobligated  balance  avail- 
able on  June  30,  1930,  of  all  appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $2,063,112.86. 

KENTUCKY 

The  Federal-aid  highway  system  includes  3,710  miles,  of  which 
1,530.2  miles  have  been  improved  with  Federal  aid.  Of  the  im- 
proved mileage,  218.9  miles  were  added  during  the  year.  At  the 
close  of  the  year  127.1  miles  were  under  construction,  and  50.5  miles 
had  been  approved. 

The  mileage  improved  with  Federal  aid  consists  of  682  miles  of 
graded  and  drained  earth  roads,  390  miles  of  untreated  gravel,  20.4 
miles  of  untreated  macadam,  50.3  miles  of  treated  macadam,  84.3  miles 
of  bituminous  macadam,  115.2  miles  of  bituminous  concrete,  180.1 
miles  of  Portland-cement  concrete,  and  3.9  miles  of  block  pavement, 
in  addition  to  which  there  are  bridges  and  approaches  with  a  total 
length  of  4  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  35.3  miles  of  stage  construction,  was  $3,182,683.33,  of 
which  the  Federal  share  was  $1,522,746.58.  The  disbursement  of 
Federal  funds  to  the  State  was  $1,537,194.33.  The  unobligated  bal- 
ance available  on  June  30,  1930,  of  all  appropriations  authorized  and 
apportioned  up  to  that  date,  was  $114,878.62. 

LOUISIANA 

The  Federal-aid  highway  system  includes  2,713  miles,  of  which 
1,352.4  miles  have  been  improved  with  Federal  aid.  Of  the  im- 
proved mileage,  46.7  miles  were  added  during  the  year.  At  the  close 
of  the  year  168.1  miles  were  under  construction,  and  49  miles  had 
been  approved. 

The  mileage  improved  with  Federal  aid  consists  of  35.1  miles  of 
graded  ancl  drained  earth  roads,  1,219.8  miles  of  untreated  gravel,  3.2 
miles  of  bituminous  macadam,  43  miles  of  bituminous  concrete,  and 
39.8  miles  of  Portland-cement  concrete,  in  addition  to  which  there 
are  bridges  and  approaches  with  a  total  length  of  11.5  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  7.5  miles  of  reconstruction,  was  $739,997.12,  of  which  the 
Federal  share  was  $330,765.30.  The  disbursement  of  Federal  funds 
to  the  State  was  $852,639.40.  The  unobligated  balance  available  on 
June  30.  1930,  of  all  appropriations  authorized  and  apportioned  up 
to  that  date,  was  $1,224,288.48. 
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MAINE 

The  Federal-aid  highway  system  inchides  1,579  miles,  of  which 
534.8  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  54.3  miles  were  added  during  the  year.  At  the  close  of  the 
year  57.6  miles  M'ere  under  construction,  and  23.9  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consists  of  222.8  miles  of 
untreated  gravel,  28.3  miles  of  treated,  gravel,  175.3  miles  of  bitumi- 
nous macadam,  and  107.8  miles  of  Portland  cement  concrete,  in  addi- 
tion to  which  there  are  bridges  and  approaches  with  a  total  length 
of  0.6  mile. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  1.9  miles  of  reconstruction,  was  $1,990,485.62.  of  which  the 
Federal  share  was  $713,957.89.  The  disbursement  of  Federal  funds 
to  the  State  was  $1,187,526.36.  The  unobligated  balance  available 
on  June  30.  1930,  of  all  appropriations  authorized  and  apportioned 
up  to  that  date  was  $1,354,501.03. 

MARYLAND 

The  Federal-aid  higliAvay  system  includes  1,705  miles,  of  which 
630.7  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  34.1  miles  were  added  during  the  year.  At  the  close  of  the 
3^ear  47.4  miles  were  under  construction,  and  26  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consists  of  4.7  miles  of 
graded  and  drained  earth  roads,  31.5  miles  of  untreated  gravel,  0.1 
mile  of  untreated  macadam,  3.9  miles  of  treated  macadam,  224  9  miles 
of  bituminous  macadam,  31.5  miles  of  bituminous  concrete,  and  334.1 
miles  of  Portland  cement  concrete. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  14.7  miles  of  stage  construction,  and  3  miles  of  reconstruc- 
tion, uas  $1,084,004.76,  of  which  the  Federal  share  was  $502,002.20. 
The  disbursement  of  Federal  funds  to  the  State  was  $466,652.87. 
The  unobligated  balance  available  on  June  30,  1930,  of  all  appropria- 
tions authorized  and  apportioned  up  to  that  date  was  $5,543.03. 

MASSACHUSETTS 

The  Federal-aid  highway  system  includes  1,343  miles,  of  which 
657.4  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  89.6  miles  were  added  during  the  year.  At  the  close  of  the 
year  68.6  miles  Avere  under  construction,  and  11.3  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consists  of  0.5  mile  of 
untreated  gravel.  0.4  mile  of  treated  gravel,  0.1  mile  of  untreated 
macadam,  "^2.8  miles  of  treated  macadam,  22  miles  of  low-cost 
bituminous-mixed  surface,  366.2  miles  of  bituminous  macadam,  56.4 
miles  of  bituminous  concrete,  and  204.4  miles  of  Portland  cement 
concrete,  in  addition  to  which  there  are  bridges  and  approaches  with 
a  total  length  of  4.6  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
includino-  0.7  mile  of  stage  construction  and  2.7  miles  of  recon- 
struction,   was    $4,416,602.77,    of    which    the    Federal    share    was 
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$1,468,754.17.  The  disbursement  of  Federal  funds  to  the  State  was 
$1,546,517.25.  The  unobligated  balance  available  on  June  30,  1930, 
of  all  appropriations  authorized  and  apportioned  up  to  that  date 
was  $1,944,255.39. 

MICHIGAN 

The  Federal-aid  highway  system  includes  5,238  miles,  of  which 
1.605.2  miles  have  been  improved  with  Federal  aid.  Of  the  im- 
proved mileage,  172.4  miles  were  added  during  the  year.  At  the 
close  of  the  year  261  miles  were  under  construction,  and  30.1  miles 
had  been  approved. 

The  mileage  improved  with  Federal  aid  consists  of  8.6  miles  of 
graded  and  drained  earth  roads,  342.7  miles  of  untreated  gravel, 
16.3  miles  of  treated  macadam,  10.4  miles  of  bituminous  macadam, 
69  miles  of  bituminous  concrete,  1,155.4  miles  of  Portland  cement 
concrete,  and  0.4  mile  of  block  pavement,  in  addition  to  which  there 
are  bridges  and  approaches  with  a  total  length  of  2.4  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  2.9  miles  of  stage  construction,  was  $7,779,534.69,  of  which 
the  Federal  share  was  $3,020,745.34.  The  disbursement  of  Federal 
funds  to  the  State  was  $2,300,913.73.  The  unobligated  balance  avail- 
able on  June  30,  1930,  of  all  appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $2,782,145.14. 

MINNESOTA 

The  Federal-aid  highway  system  includes  6,885  miles,  of  which 
3.936.1  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage.  242.5  miles  were  added  during  the  year.  At  the  close  of  the 
year  469.7  miles  were  under  construction  and  19.4  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consists  of  1,000.6  miles  of 
graded  and  drained  earth  roads,  11.1  miles  of  untreated  sand-clay, 
2,079  miles  of  untreated  gravel,  17.6  miles  of  treated  gravel,  32.T 
miles  of  bituminous  concrete,  and  793.5  miles  of  Portland  cement 
concrete,  in  addition  to  which  there  are  bridges  and  approaches  with 
a  total  length  of  1.6  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  82.8  miles  of  stage  construction,  was  $4,573,620.24,  of 
which  the  Federal  share  was  $1,786,351.44.  The  disbursement  of 
Federal  funds  to  the  State  was  $2,192,899.80.  The  unobligated  bal- 
ance available  on  June  30,  1930,  of  all  appropriations  authorized  and. 
apportioned  up  to  that  date  was  $46,352.03. 

MISSISSIPPI 

The  Federal-aid  highway  system  includes  3,632  miles,  of  which 
1,820.7  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  155.2  miles  were  added  during  the  year.  At  the  close  of 
the  year  62.7  miles  were  under  construction  and  0.1  mile  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consists  of  294.6  miles  of 
graded  and  drained  earth  roads,  15.8  miles  of  untreated  sand-clay, 
1,220.6  miles  of  untreated  gravel,  11.1  miles  of  untreated  macadam,. 
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12.4  miles  of  bituminous  concrete,  246.3  miles  of  Portland  cement 
concrete,  and  9.7  miles  of  block  pavement,  in  addition  to  which  there 
are  bridges  and  approaches  with  a  total  length  of  10.2  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  4.4  miles  of  stage  construction,  was  $3,178,703.45,  of  which 
the  Federal  share  was  $1,550,795.82.  The  disbursement  of  Federal 
funds  to  the  State  was  $745,258.17.  The  unobligated  balance  avail- 
able on  June  30,  1930,  of  all  appropriations  authorized  and  appor- 
tioned ui3  to  that  date  was  $3,527,955.68. 

MISSOURI 

The  Federal-aid  highway  system  includes  7,530  miles,  of  which 
2,486.8  miles  have  been  improved  with  Federal  aid.  Of  the  im- 
proved mileage,  217  miles  were  added  during  the  year.  At  the  close 
of  the  year  178.8  miles  were  under  construction,  and  61.6  miles  had 
been   approved. 

The  mileage  improved  with  Federal  aid  consists  of  392.3  miles 
of  graded  and  drained  earth  roads,  752.8  miles  of  untreated  gravel, 
27.2  miles  of  untreated  macadam,  43  miles  of  bituminous  macadam, 
20.1  miles  of  bituminous  concrete,  1,220.1  miles  of  Portland  cement 
concrete,  and  20.9  miles  of  block  pavement,  in  addition  to  which 
there  are  bridges  and  approaches  with  a  total  length  of  10.4  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  138.8  miles  of  stage  construction,  was  $10,177,544.47,  of 
which  the  Federal  share  was  $4,125,021.08.  The  disbursement  of 
Federal  funds  to  the  State  was  $3,436,554.13.  The  unobligated 
balance  available  on  June  30,  1930,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was  $831,704.84. 

MONTANA 

The  Federal-aid  highway  system  includes  5,108  miles,  of  which 
1,717.4  miles  have  been  improved  with  Federal  aid.  Of  the  im- 
proved mileage,  214.1  miles  were  added  during  the  year.  At  the 
close  of  the  year  569.6  miles  were  under  construction,  and  90.2  miles 
had  been  approved. 

The  mileage  improved  with  Federal  aid  consists  of  210.2  miles  of 
graded  and  drained  earth  roads,  1,442.9  miles  of  untreated  gravel, 
8.8  miles  of  low-cost  bituminous-mixed  surface,  12.5  miles  of  bitumi- 
nous concrete,  and  37  miles  of  Portland  cement  concrete,  in  addition 
to  which  there  are  bridges  and  approaches  with  a  total  length  of  6 
miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  4.1  miles  of  stage  construction,  was  $2,557,945.61,  of  which 
the  Federal  share  was  $1,565,807.28.  The  disbursement  of  Federal 
funds  to  the  State  was  $2,571,899.09.  The  unobligated  balance  avail- 
able on  June  30,  1930,  of  all  appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $3,540,456.15. 

NEBRASKA 

The  Federal-aid  highway  system  includes  5,530  miles,  of  which 
3,669.1  miles  have  been  improved  with  Federal  aid.  Of  the  im- 
proved mileage,  137.8  miles  were  added  during  the  year.     At  the 
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close  of  the  year  418.8  miles  were  under  construction,  and  54.7  miles 
had  been  approved. 

The  mileaoje  improved  with  Federal  aid  consists  of  504.6  miles  of 
graded  and  drained  earth  roads,  3,027.1  miles  of  untreated  sand-clay, 
0.8  mile  of  treated  sand-clay,  3.8  miles  of  low-cost  bituminous-mixed 
surface,  14.6  miles  of  bituminous  concrete,  90.1  miles  of  Portland 
cement  concrete,  and  19.6  miles  of  block  pavement,  in  addition  to 
which  there  are  bridges  and  approaches  with  a  total  length  of  8.5 
miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  161.4  miles  of  stage  construction,  was  $2,280,225.35,  of 
which  the  Federal  share  was  $1,078,362.13.  The  disbursement  of 
Federal  funds  to  the  State  was  $1,980,717.15,  The  unobligated  bal- 
ance available  on  June  30,  1930,  of  all  appropriations  authorized  and 
apportioned  up  to  that  date  was  $2,176,337.14. 

NEVADA 

The  Federal-aid  highway  system  includes  1,565'  miles,  of  which 
1,219.2  miles  have  been  improved  with  Federal  aid.  Of  the  im- 
proved mileage,  147.3  miles  were  added  during  the  year.  At  the 
close  of  the  year  122.1  miles  were  under  construction. 

The  mileage  improved  with  Federal  aid  consists  of  46.8  miles  of 
graded  and  drained  earth  roads,  805.1  miles  of  untreated  gravel,  14.3 
miles  of  treated  gravel,  282.5  miles  of  low-cost  bituminous-mixed 
surface,  20.6  miles  of  bituminous  macadam,  1.9<  miles  of  bituminous 
concrete,  and  45.2  miles  of  Portland  cement  concrete,  in  addition  to 
which  there  are  bridges  and  approaches  with  a  total  length  of  2.8 
miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  191.9  miles  of  stage  construction,  was  $1,494,392.50,  of 
which  the  Federal  share  was  $1,312,039.17.  The  disbursement  of 
Federal  funds  to  the  State  was  $996,033.53.  The  unobligated  bal- 
ance available  on  June  30,  1930,  of  all  appropriations  authorized  and 
apportioned  up  to  that  date  was  $773,969.02. 

NEW  HAMPSHIRE 

The  Federal-aid  highway  system  includes  991  miles,  of  which  352.7 
miles  have  been  improved  with  Federal  aid.  Of  the  improved  mile- 
age, 19  miles  were  added  during  the  year.  At  the  close  of  the  year 
36.6  miles  were  under  construction. 

The  mileage  improved  with  Federal  aid  consists  of  97.5  miles  of 
untreated  macadam,  74.8  miles  of  treated  macadam,  86.1  miles  of 
bituminous  macadam,  35.9  miles  of  bituminous  concrete,  and  54.5 
miles  of  Portland  cement  concrete,  in  addition  to  which  there  are 
bridges  and  approaches  with  a  total  length  of  3.9  miles. 

The  total  cost  of  all  Federal-aid  roacls  completed  during  the  year, 
including  1  mile  of  stage  construction  and  2.1  miles  of  reconstruc- 
tion, was  $833,461.61,  of  which  the  Federal  share  was  $319,996.37. 
The  disbursement  of  Federal  funds  to  the  State  was  $464,211.66.  The 
unobligated  balance  available  on  June  30,  1930,  of  all  appropria- 
tions authorized  and  apportioned  up  to  that  date  was  $221,369.45. 
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NEW  JERSEY 

The  Federal-aid  highway  system  includes  1,186  miles,  of  which 
507.8  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  45.1  miles  were  added  during  the  year.  At  the  close  of  the 
year  66.7  miles  were  under  construction. 

The  mileage  improved  with  Federal  aid  consists  of  11.8  miles  of 
graded  and  drained  earth  roads,  6  miles  of  untreated  gravel,  0.2 
mile  of  treated  macadam,  0.5  mile  of  bituminous  macadam,  22.5  miles 
of  bituminous  concrete,  and  464.4  miles  of  Portland  cement  concrete, 
in  addition  to  which  there  are  bridges  and  approaches  with  a  total 
length  of  2.4  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year 
was  $3,757,925.87,  of  which  the  Federal  share  was  $677,880.  The 
disbursement  of  Federal  funds  to  the  State  was  $629,055.  The  un- 
obligated balance  available  on  June  30.  1930,  of  all  appropriations 
authorized  and  apportioned  up  to  that  date  was  $977,248.76. 

NEW  MEXICO 

The  Federal-aid  highway  system  includes  3,466  miles,  of  which 
1,904.4  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  87.5  miles  were  added  during  the  year.  At  the  close  of  the 
year,  236  miles  were  under  construction  and  32.6  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consists  of  265.7  miles  of 
graded  and  drained  earth  roads,  27.3  miles  of  untreated  sand-clay, 
1,506.9  miles  of  untreated  gravel,  17.2  miles  of  low-cost  bituminous- 
mixed  surface,  0.7  mile  of  bituminous  concrete,  and  82.5  miles  of 
Portland  cement  concrete,  in  addition  to  which  there  are  bridges  and 
approaches  with  a  total  length  of  4.1  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  0.7  mile  of  stage  construction,  was  $1,331,927.95,  of  which 
the  Federal  share  was  $838,102.84.  The  disbursement  of  Federal 
funds  to  the  State  was  $827,764.88.  The  unobligated  balance  avail- 
able on  June  30,  1930.  of  all  appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $969,531.76. 

NEW  YORK 

The  Federal-aid  highway  system  includes  5,558  miles,  of  which 
2,491  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  306.9  miles  were  added  during  the  year.  At  the  close  of  the 
year,  300.4  miles  were  under  construction  and  83.6  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consists  of  46.9  miles  of 
graded  and  drained  earth  roads,  76.4  miles  of  untreated  gravel,  402.5 
miles  of  bituminous  macadam,  11.5  miles  of  bituminous  concrete,  1,951 
miles  of  Portland  cement  concrete,  and  0.7  mile  of  block  pavement,  in 
addition  to  which  there  are  bridges  and  approaches  with  a  total 
length  of  2  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year 
was  $12,240,775.13,  of  which  the  Federal  share  was  $4,431,341.77. 
The  disbursement  of  Federal  funds  to  the  State  was  $4,078,108.85. 
The  unobligated  balance  availa})le  on  June  30,  1930,  of  all  appropria- 
tions authorized  and  apportioned  up  to  that  date  was  $7,315,347.86. 
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NORTH  CAROLINA 

The  Federal-aid  highway  system  includes  4,219  miles,  of  which 
1,780.6  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  90.8  miles  were  added  during  the  year.  At  the  close  of  the 
year  175.5  miles  were  under  construction,  and  25.8  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consists  of  87.9  miles  of 
graded  and  drained  earth  roads,  474.6  miles  of  untreated  sand-clay, 
78  miles  of  untreated  gravel,  19.6  miles  of  untreated  macadam,  35.6 
miles  of  bituminous  macadam,  256.9  miles  of  bituminous  concrete, 
and  824  miles  of  Portland  cement  concrete,  in  addition  to  which  there 
are  bridges  and  approaches  with  a  total  length  of  4  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  9.5  miles  of  stage  construction,  was  $1,694,550.53,  of  which 
the  Federal  share  was  $798,658.46.  The  disWrsement  of  Federal 
funds  to  the  State  was  $711,610.60.  The  unobligated  balance  avail- 
able on  June  30,  1930,  of  all  appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $2,560,469.31. 

NORTH  DAKOTA 

The  Federal-aid  highway  system  includes  7,424  miles,  of  which 
4,262.6  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  577.2  miles  were  added  during  the  year.  At  the  close  of  the 
year  468.3  miles  were  under  construction,  and  151.3  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consists  of  1,375.8  miles 
of  graded  and  drained  earth  roads,  10.8  miles  of  untreated  sand-clay, 
2,779.8  miles  of  untreated  gravel,  80.6  miles  of  treated  gravel,  1.1 
miles  of  bituminous  concrete,  and  6.6  miles  of  Portland-cement  con- 
crete, in  addition  to  which  there  are  bridges  and  approaches  with  a 
total  length  of  7.9  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  392.5  miles  of  stage  construction,  was  $3,931,493.45,  of 
which  the  Federal  share  was  $1,630,756.04.  The  disbursement  of 
Federal  funds  to  the  State  was  $1,236,250.08.  The  unobligated  bal- 
ance available  on  June  30,  1930,  of  all  appropriations  authorized  and 
apportioned  up  to  that  date  was  $1,452,524.56. 

OHIO 

The  Federal-aid  highway  system  includes  5,899  miles,  of  which 
2,190.4  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  217.8  miles  were  added  during  the  year.  At  the  close  of 
I  he  year  403  miles  were  under  construction  and  83.1  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consists  of  120.6  miles  of 
graded  and  drained  earth  roads,  9.4  miles  of  untreated  gravel,  110.7 
miles  of  untreated  macadam,  26.1  miles  of  treated  macadam,  356.5 
miles  of  bituminous  macadam,  156.1  miles  of  bituminous  concrete, 
883.8  miles  of  Portland  cement  concrete,  and  522.7  miles  of  block 
pavement,  in  addition  to  which  there  are  bridges  and  approaches  with 
a  total  length  of  4.5  miles. 
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The  total  cost  of  all  Federal-aid  roads  completed  durin<!;  the  year 
was  $7,966,093.72,  of  which  the  Federal  share  was  $3,298,783.47.  The 
disbursement  of  Federal  funds  to  the  State  was  $2,455,602.56.  The 
unobligated  balance  available  on  June  30,  1930,  of  all  appropriations 
authorized  and  apportioned  up  to  that  date  was  $939,205.53. 

OKLAHOMA 

The  Federal-aid  highway  system  includes  5,622  miles,  of  which 
1,890.4  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  119.3  miles  were  added  during  the  year.  At  the  close  of  the 
year  172.6  miles  were  under  construction  and  92.7  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consists  of  378.5  miles  of 
graded  and  drained  earth  roads,  0.7  mile  of  untreated  sand-clay, 
559.2  miles  of  untreated  gravel,  8.3  miles  of  treated  gravel,  28.8  miles 
of  untreated  macadam,  0.5  mile  of  bituminous  macadam,  151  miles 
of  bituminous  concrete,  741.1  miles  of  Portland  cement  concrete,  and 
8.9  miles  of  block  pavement,  in  addition  to  which  there  are  bridges 
and  approaches  with  a  total  length  of  13.4  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  59.1  miles  of  stage  construction,  was  $3,764,985.03,  of  which 
the  Federal  share  was  $1,697,687.86.  The  disbursement  of  Federal 
funds  to  the  State  was  $2,080,335.52.  The  unobligated  balance  avail- 
able on  June  30,  1930,  of  all  appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $184,302.92. 

OREGON 

The  Federal-aid  highway  system  includes  3,247  miles,  of  which 
1,150.4  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  87.9  miles  were  added  during  the  year.  At  the  close  of 
the  year  289.9  miles  were  under  construction,  and  49.1  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consists  of  235.3  miles  of 
graded  and  drained  earth  roads,  711.5  miles  of  untreated  gravel, 
25.6  miles  of  untreated  macadam,  14.2  miles  of  bituminous  macadam, 
64.2  miles  of  bituminous  concrete,  and  94.7  miles  of  Portland  cement 
concrete,  in  addition  to  which  there  are  bridges  and  approaches  with 
a  total  length  of  4.9  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  vear 
was  $1,129,094.63,  of  which  the  Federal  share  was  $597,022.73.  The 
disbursement  of  Federal  funds  to  the  State  was  $703,274.47.  The 
unobligated  balance  available  on  June  30,  1930,  of  all  appropriations 
authorized  and  apportioned  up  to  that  date  was  $288,573.31. 

PENNSYLVANIA 

The  Federal-aid  highway  system  includes  5,487  miles,  of  which 
2,341.9  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  274.3  miles  were  added  during  the  year.  At  the  close  of 
the  3''ear  225.8  miles  were  under  construction,  and  87.1  miles  had 
been  approved. 

Tlie  mileage  improved  with  Federal  aid  consists  of  156.9  miles 
of  graded  and  drained  earth  roads,  10.6  miles  of  treated  macadam. 
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7.7  miles  of  bitiiininoiis  macadm,  98.4  miles  of  bituminous  concrete, 
2,026.8  miles  of  Portland  cement  concrete,  and  39.5  miles  of  block 
pavement,  in  addition  to  which  there  are  bridges  and  approaches 
with  a  total  length  of  2  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year 
was  $15,902,008.93,  of  which  the  Federal  share  was  $4,439,697.96. 
The  disbursement  of  Federal  funds  to  the  State  was  $3,710,013.31. 
The  unobligated  balance  available  on  June  30,  1930,  of  all 
appropriations  authorized  and  apportioned  up  to  that  date  was 
$1,082,376.94. 

RHODE  ISLAND 

The  Federal-aid  highway  system  includes  417  miles,  of  which 
184.7  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  19.5  miles  were  added  during  the  year.  At  the  close  of  the 
year  28.2  miles  were  under  construction. 

The  mileage  improved  with  Federal  aid  consists  of  1.8  miles  of 
treated  macadam,  57.1  miles  of  bituminous  macadam,  48.1  miles  of 
bituminous  concrete,  and  76.8  miles  of  Portland  cement  concrete,  in 
addition  to  which  there  are  bridges  and  approaches  with  a  total 
length  of  0.9  mile. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year 
was  $910,987.88,  of  which  the  Federal  share  was  $326,666.13.  The 
disbursement  of  Federal  funds  to  the  State  was  $171,477.02.  The 
unobligated  balance  available  on  June  30,  1930,  of  all  ai^propriations 
authorized  and  apportioned  up  to  that  date  was  $588,570.42. 

SOUTH   CAROLINA 

The  Federal-aid  highway  system  includes  3,232  miles,  of  which 
1,868.5  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  98.9  miles  were  added  during  the  year.  At  the  close  of  the 
year  178.6  miles  were  under  construction,  and  27.2  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consists  of  43.3  miles  of 
graded  and  drained  earth  roads,  1,202  miles  of  untreated  sand-clay, 
107.7  miles  of  untreated  gravel,  3.1  miles  of  bituminous  macadam, 
186  miles  of  bituminous  concrete,  and  303.7  miles  of  Portland  cement 
concrete,  in  addition  to  which  there  are  bridges  and  approaches  with 
a  total  length  of  22.7  miles. 

Thp  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  45  miles  of  stage  construction,  was  $3,511,295.63,  of  which 
the  Federal  share  was  $1,016,308.31.  The  disbursement  of  Federal 
funds  to  the  State  was  $926,038.22.  The  unobligated  balance  avail- 
able on  June  30,  1930,  of  all  appropriations  authorized  and  ap- 
portioned up  to  that  date  was  $97,283.99. 

SOUTH  DAKOTA 

The  Federal-aid  highway  system  includes  6,148  miles,  of  which 
3,445  1  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  243.1  miles  were  added  during  the  year.  At  the  close  of  the 
year  596.1  miles  were  under  construction,  and  44  miles  had  been 
approved. 
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The  mileage  improved  with  Federal  aid  consists  of  204.5  miles  of 
graded  and  drained  earth  roads,  36  miles  of  untreated  sand-clay, 
1 5,7  miles  of  treated  sand-clay,  3,162,6  miles  of  untreated  gravel,  9.5 
miles  of  low-cost  bituminous-mixed  surface,  and  12.9  miles  of  Port- 
land cement  concrete,  in  addition  to  which  there  are  bridges  and 
approaches  with  a  total  length  of  3.9  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  42.2  miles  of  stage  construction,  was  $1,594,466.64,  of  which 
the  Federal  share  was  $852,372.53.  The  disbursement  of  Federal 
funds  to  the  State  was  $1,162,383.12.  The  unobligated  balance  avail- 
able on  June  30,  1930,  of  all  appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $1,062,892.43. 

TENNESSEE 

The  Federal-aid  highway  system  includes  3,521  miles,  of  which 
1,260.9  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  125.2  miles  Avere  added  during  the  year.  At  the  close  of  the 
year  144.8  miles  were  under  construction,  and  82.3  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consists  of  104.7  miles  of 
graded  and  drained  earth  roads,  106.3  miles  of  untreated  gravel, 
61.5  miles  of  untreated  macadam,  361.7  miles  of  bituminous  mac- 
adam, 121.6  miles  of  bituminous  concrete,  and  497.9  miles  of  Portland 
cement  concrete,  in  addition  to  which  there  are  bridges  and  approaches 
with  a  total  length  of  7.2  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year 
was  $3,088,719.17,  of  which  the  Federal  share  was  $1,443,055.24.  The 
disbursement  of  Federal  funds  to  the  State  was  $1,459,546.34.  The 
unobligated  balance  available  on  June  30,  1930,  of  all  appropriations 
authorized  and  apportioned  up  to  that  date  was  $1,552,381.84. 

TEXAS 

The  Federal-aid  highway  system  includes  11,722  miles,  of  which 
6,835.6  miles  have  been  improved  with  Federal  aid.  Of  the  im- 
proved mileage,  636  miles  were  added  during  the  year.  At  the  close 
of  the  year  496.1  miles  were  under  construction,  and  101.6  miles  had 
been  approved. 

The  mileage  improved  with  Federal  aid  consists  of  835.3  miles  of 
graded  and  drained  earth  roads,  39.4  miles  of  untreated  sand-clay, 
2,857.6  miles  of  untreated  gravel,  292.2  miles  of  treated  gravel,  72.7 
miles  of  untreated  macadam,  119.7  miles  of  treated  macadam,  19.8 
miles  of  low-cost  bituminous-mixed  surface,  521.8  miles  of  bitumi- 
nous macadam,  709.6  miles  of  bituminous  concrete,  1,307.1  miles  of 
Portland  cement  concrete,  and  30.2  miles  of  block  pavement,  in  addi- 
tion to  which  there  are  bridges  and  approaches  with  a  total  length 
of  30.2  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  368.1  miles  of  stage  construction,  was  $16,492,620.38,  of 
which  the  Federal  share  was  $7,347,398.73.  The  disbursement  of 
Federal  funds  to  the  State  was  $6,292,484.66.  The  unobligated  bal- 
ance available  on  June  30,  1930,  of  all  appropriations  authorized  and 
apportioned  up  to  that  date  was  $4,647,819.57. 


BUREAU   OF   PUBLIC   KOADS  37 

UTAH 

The  Federal-aid  highway  system  includes  1,751  miles,  of  which 

981.2  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  73.7  miles  were  added  during  the  year.  At  the  close  of  the 
year  67.1  miles  were  under  construction  and  44.9  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consists  of  110.9  miles  of 
graded  and  drained  earth  roads,  146.8  miles  of  untreated  gravel,  3.4 
miles  of  treated  gravel,  560.9  miles  of  untreated  macadam,  39.2 
miles  of  low-cost  bituminous-mixed  surface,  0.8  mile  of  bituminous 
macadam,  10.6  miles  of  bituminous  concrete,  and  105.9  miles  of 
Portland  cement  concrete,  in  addition  to  which  there  are  bridges  and 
approaches  with  a  total  length  of  2.7  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year 
was  $1,754,707.02,  of  which  the  Federal  share  was  $1,138,237.82. 
The  disbursement  of  Federal  funds  to  the  State  was  $730,519.47. 
The  unobligated  balance  available  on  June  30,  1930,  of  all  appropria- 
tions authorized  and  apportioned  up  to  that  date  was  $662,833.17. 

VERMONT 

The  Federal-aid  highway  system  includes  1,043  miles,  of  which 
255.6  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  29.4  miles  were  added  during  the  year.  At  the  close  of 
the  year  45.1  miles  were  under  construction,  and  5.7  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consists  of  106.6  miles  of 
untreated  gravel,  2  miles  of  treated  gravel,  1.2  miles  of  untreated 
macadam,  51.6  miles  of  bituminous  macadam,  and  89.6  miles  of 
Portland-cement  concrete,  in  addition  to  which  there  are  bridges 
and  approaches  with  a  total  length  of  4.6  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year 
was  $1,465,991.89,  of  which  the  Federal  share  was  $497,157.48.  The 
disbursement  of  Federal'  funds  to  the  State  was  $366,821.03.  All 
appropriations  authorized  and  apportioned  up  to  June  30,  1930, 
had  been  obligated  on  that  date. 

VIRGINIA 

The  Federal-aid  highway  system  includes  3,565  miles,  of  which 
1,467.9  miles  have  been  improved  with  Federal  aid.  Of  the  im- 
proved mileage,  137.3  miles  were  added  during  the  year.  At  the 
close  of  the  year  216.7  miles  were  under  construction,  and  28  miles 
had  been  approved. 

The  mileage  improved  with  Federal  aid  consists  of  85  miles  of 
graded  and  drained  earth  roads,  216.3  miles  of  untreated  sand-clay, 

101.3  miles  of  untreated  gravel,  133.8  miles  of  untreated  macadam, 
9.4  miles  of  treated  macadam,  374.1  miles  of  bituminous  macadam, 
39.8  miles  of  bituminous  concrete,  and  502.1  miles  of  Portland 
cement  concrete,  in  addition  to  which  there  are  bridges  and  ap- 
proaches with  a  total  length  of  6.1  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the 
year,  including  21.7  miles  of  stage  construction,  was  $3,984,741.95, 
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of  which  the  Federal  share  was  $1,627,334.71.  The  disbursement 
of  Federal  funds  to  the  State  was  $1,090,622.55.  The  unobligated 
balance  available  on  June  30,  1930,  of  all  appropriations  authorized 
and  apportioned  up  to  that  date  was  $691,693.83. 

WASHINGTON 

The  Federal-aid  highway  sys'eni  includes  3,033  miles,  of  which 
934.6  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  101.1  miles  were  added  during  the  year.  At  the  close  of  the 
year  126.3  miles  were  under  construction,  and  2.1  miles  had  been 
approved. 

The  mileage  improved  witli  Federal  aid  consists  of  179.4  miles 
of  graded  and  drained  earth  roads,  420.4  miles  of  untreated  gravel, 
and  329.8  miles  of  Portland  cement  concrete,  in  addition  to  which 
there  are  bridges  and  approaches  with  a  total  length  of  5  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  10.4  miles  of  stage  construction,  was  $4,176,691.12,  of  which 
the  Federal  share  was  $1,493,032.99.  The  disbursement  of  Federal 
funds  to  the  State  was  $1,377,438.14.  The  unobligated  balance  avail- 
able on  June  30,  1930,  of  all  appropriations  autliorized  and  appor- 
tioned up  to  that  date  was  $1,211,773.29. 

WEST  VIRGINIA 

The  Federal-aid  highway  system  includes  2,214  miles,  of  which 
710.1  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  39  miles  Avere  added  during  the  year.  At  the  close  of  the 
year  102.8  miles  were  under  construction,  and  20.5  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consists  of  249.6  miles  of 
graded  and  drained  earth  roads,  28.3  miles  of  untreated  gravel,  14.2 
miles  of  untreated  macadam,  0.6  mile  of  treated  macadam,  185  miles 
of  bituminous  macadam,  28.7  miles  of  bituminous  concrete,  190.2 
miles  of  Portland  cement  concrete,  and  11.4  miles  of  block  pavement, 
in  addition  to  which  there  are  bridges  and  approaches  with  a  total 
length  of  2.1  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year^ 
including  17.6  miles  of  stage  construction,  was  $1,968,983.06,  of  which 
the  Federal  share  was  $744,716.04.  The  disbursement  of  Federal 
funds  to  the  State  was  $874,504.14.  The  unobligated  balance  avail- 
able on  June  30,  1930,  of  all  appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $628,588.82. 

WISCONSIN 

The  Federal-aid  highway  system  includes  5,493  miles,  of  Avhich 
2,246.2  miles  have  been  improved  with  Federal  aid.  Of  the  improved 
mileage,  288.6  miles  were  added  during  the  year.  At  the  close  of  the 
year  245.7  miles  were  under  construction  and  28  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consists  of  144.2  miles  of 
graded  and  drained  earth  roads,  23.8  miles  of  untreated  sand-clay, 
1,030.2  miles  of  untreated  gravel,  19.9  miles  of  treated  gravel,  13.7 
miles  of  bituminous  macadam,  0.4  mile  of  bituminous  concrete,  and 
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1.007.1  miles  of  Portland  cement  concrete,  in  addition  to  which  there 
are  bridges  and  approaches  with  a  total  length  of  6.9  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  31.7  miles  of  stage  construction,  Avas  $9,029,204.63,  of  which 
the  Federal  share  was  $4,154,568.49.  The  disbursement  of  Federal 
funds  to  the  State  was  $3,058,505.08.  The  unobligated  balance  avail- 
able on  June  30,  1930,  of  all  appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $816,349.40, 

WYOMING 

The  Federal-aid  highway  system  includes  3,498  miles,  of  which 
1,708.7  miles  have  been  improved  wnth  Federal  aid.  Of  the  improved 
mileage,  120.4  miles  were  added  during  the  year.  At  the  close  of  the 
year  241.1  miles  were  under  construction  and  13.7  miles  had  been 
approved. 

The  mileage  improved  with  Federal  aid  consists  of  531.6  miles  of 
graded  and  drained  earth  roads,  10.6  miles  of  untreated  sand-clay, 

1.060.2  miles  of  untreated  gravel,  61.9  miles  of  low-cost  bituminous- 
mixed  surface,  22.1  miles  of  bituminous  concrete,  and  15.9  miles  of 
Portland  cement  concrete,  in  addition  to  which  there  are  bridges  and 
approaches  with  a  total  length  of  6.4  miles. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year, 
including  36.3  miles  of  stage  construction,  was  $1,154,162.71,  of  which 
the  Federal  share  was  $693,363.60.  The  disbursement  of  Federal 
funds  to  the  State  was  $958,322.93.  The  unobligated  balance  avail- 
able on  June  30,  1930,  of  all  appropriations  authorized  and  appor- 
tioned up  to  that  date  was  $588,414.28. 

HAWAII 

The  'Federal-aid  highway  system  includes  217  miles,  of  which  41.2 
miles  have  been  improved  with  Federal  aid.  Of  the  improved  mile- 
age, 1.7  miles  were  added  during  the  year.  At  the  close  of  the  year 
31.5  miles  were  under  construction  and  9.2  miles  had  been  approved. 

The  mileage  improved  with  Federal  aid  consists  of  1.7  miles  of 
graded  and  drained  earth  roads,  6.9  miles  of  bituminous  macadam, 
13.3  miles  of  bituminous  concrete,  and  19  miles  of  Portland  cement 
concrete,  in  addition  to  which  there  are  bridges  and  approaches  with 
a  total  length  of  0.3  mile. 

The  total  cost  of  all  Federal-aid  roads  completed  during  the  year 
was  $105,732.15,  of  which  the  Federal  share  was  $25,227.  The  dis- 
iDursement  of  Federal  funds  to  the  State  was  $79,118.49.  The  unob- 
ligated balance  available  on  June  30,  1930,  of  all  appropriations 
authorized  and  apportioned  up  to  that  date  was  $1,568,624.59. 

FEDERAL-AID  STATISTICS 

Statistical  information  relative  to  the  apportionment,  obligation, 
a,nd  disbursement  of  Federal  aid  during  the  fiscal  year  1930,  the  cost 
of  roads  completed  and  the  estimated  cost  of  roads  under  construc- 
tion, and  the  type  of  the  roads  completed  and  under  construction,  etc., 
is  given  in  Tables  24  to  36,  inclusive. 
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Table  24. — Mileage  of  the  designated  Federal  aid  highway  system  in  each  State 
and  mileage  improved  with  Federal  aid  to  June  30,  1930 


state 


Alabama 

Arizona 

Arkansas 

California. 

Colorado 

Connecticut.-. 

Delaware 

Florida... 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 


Mileage  of 

designated 

Federal-aid 

highway 

system 


3,884 
1,979 
6,019 
4,889 
3,332 
836 
550 
1,926 
5,554 
3,116 
6,650 
4,694 
7,212 
7,917 
3,710 
2,713 
1,579 
1,705 
1,343 
5,238 
6,885 
3,632 
7,530 
5,108 
5,530 
1,565 


Mileage 
completed 
with  Fed- 
eral aid  to 

June  30, 
1930 


2, 153.  8 

810.3 

1,741.4 

1,  880.  2 

1,  208.  1 
243.3 
251.0 
503.5 

2,  703.  3 

1,  194.  1 

2,  056.  1 
1,481.6 
2, 979.  7 

2,  833.  9 
1,  530.  2 
1,  352.  4 

534.8 

630.7 

657.4 

1, 605.  2 

3,  9.36.  1 

1,  820.  7 

2,  486.  8 
1,717.4 

3,  669.  1 
1,  219.  2 


State 


New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina.. 
North  Dakota... 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Rhode  Island 

South  Carolina. 
South  Dakota.. 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

West  Virginia... 

Wisconsin 

Wyoming 

Hawaii 

Total 


Mileage  of 

designated 

Federal-aid 

highway 

system 


991 
1,186 
3,466 
5,558 
4,219 
7,424 
5,899 
5,622 
3,247 
5,487 

417 
3,232 
6,148 
3,521 
11,722 
1,751 
1,043 
3,565 
3,033 
2,214 
5,493 
3,498 

217 


193, 049 


Mileage 
completed 
with  Fed- 
eral aid  to 

June  30, 
1930 


352.  T 
507.  8- 
1, 904.  4 
2, 491. 0- 
1,  780.  6. 
4,  262. 6 
2, 190. 4 
1,  890. 4 
1, 150. 4 
2,341.9. 
184.7 
1,  868.  5. 
3, 445. 1 

1,  260.  9' 
6,  835.  6 

981.  2' 
255.6 
1,467.9. 
934.6 
710.1 

2,  246.  2 
1,  708.  7 

41.2- 


84,  012.  8 


Table  25. — Total  cost,  Federal  aid  and  mileage  of  Federal-aid  roads, 
and  stage  construction  completed  during  the  fiscal  year  1930 


initial 


State 

Total  cost 

Federal  aid 

Mileage 

Initial 

Stage 

Total 

$3,  073.  848.  12 

1,  535,  443.  88 
3,401,174.82 

11,  396,  353.  24 
1, 883,  264,  93 

770,  370.  16 

835, 954.  86 
1, 381,  290.  93 
2, 910,  553.  68 

937,  768.  62 
5, 021, 954.  42 
6,  693, 965.  53 
5, 075,  345.  20 
4, 022, 635.  69 
3, 182,  683.  33 

739, 997.  12 
1, 897,  734.  54 

947,  200.  70 
4,  258, 302.  47 
7, 779,  534.  69 
4,  673,  620.  24 
3, 178, 703. 45 
10, 177,  544.  47 

2,  557, 945.  61 

2,  280,  225.  35 
1. 494,  392.  50 

683, 180.  62 
3, 757, 925. 87 
1, 331, 927. 95 
12, 240. 775. 13 
1,  694,  650.  53 
3, 931, 493.  45 

7. 966. 093.  72 

3,  764, 985.  03 

1. 129. 094.  63 
15, 902, 008.  93 

910,  987.  88 
3,  511,  295.  63 

$1, 443, 082.  40 

1,  379,  714. 19 

1, 685, 445.  48 

5,  087, 674.  79 

994,  769.  96 

255.  296.  83 

406,  222.  78 

596,  942.  17 

1,  230,  736. 17 
565,  258.  96 

2,  201,  666.  48 
3, 142, 358.  52 
2,411,131.90 
1,838,127.19 
1,  522,  746.  58 

330,  765.  30 

684,  782.  89 

457,  092.  20 

1, 427,  414. 17 

3, 020,  745.  34 

1, 786,  351.  44 

1,  550,  795.  82 

4, 125,  021.  08 

1,  565, 807.  28 

1. 078,  362. 13 

1,  312,  039. 17 

289,  036.  37 

677, 880.  00 

838, 102.  84 

4,  431,  341.  77 

798, 658.  46 

1,  630, 756.  04 

3,  298, 783.  47 
1, 697,  687.  86 

597, 022.  73 
4, 439,  697.  96 

326,  666. 13 
1,  016,  308.  31 

194.2 

43.1 

102.6 

335.6 

72.3 

14.1 

45.2 

54.3 

134.6 

77.1 

169.0 

214.7 

66.8 

324.3 

218.9 

46.7 

54.3 

34.1 

89.6 

172.4 

242.5 

155.2 

217.0 

214.1 

137.8 

147.3 

19.0 

45.1 

87.5 

306.9 

90.8 

577.2 

217.8 

119.3 

87.9 

274.3 

19.5 

98.9 

14.5 
46.6 
14.3 
20.0 
38.1 

208.7 

Arizona        .  . 

89.7 

Arkansas . 

116.9 

355.  6 

110.4 

14.1 

45.2 

Florida 

54.3 

41.4 

175.9 

77.1 

169.0 

214.7 

146.6 
16.9 
35.3 

213.4 

341.2 

Kentucky           .                .      . . 

254.2 

46.  r 

54.3 

14.7 

.7 

2.9 

82.8 

4.4 

138.8 

4.1 

161.4 

191.9 

1.0 

48.8 

90.3 

175.  3 

326.  3 

159.6 

355.8 

218.2 

299.  2 

339.2 

New  Hampshire                    .... 

20.0 

45.1 

New  Mexico     .......  . 

.7 

88.2 

306.9 

9.5 
392.5 

100.3 

969.7 

Ohio 

217.  8 

Oklahoma                                 -  . 

59.1 

178.4 

87.9 

274.  3: 

19.5 

South  Carolina 

45.6 

143.  9' 
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Tabile  25. — Total  cost.  Federal  aidi  and  mileage  of  Federal-aid  roads,  initial 
and  stage  construction  completed  during  the  fiscal  year  1930 — Continued 


state 


Total  cost 


Federal  aid 


Mileage 


Initial 


Stage 


Total 


South  Dakota 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington.. 
West  Virginia. 

Wisconsin 

Wyoming 

Hawaii 

Total... 


$1,  594, 
3,  088, 

16,  492, 
1, 754, 
1,  465, 
3,  984, 
4, 176, 
1, 968, 
9, 029, 
1, 154, 
105, 


466.  64 
719.  17 
620.  38 
707. 02 
991.  89 
741.  95 
691. 12 
983.  06 
204.  63 
162.  71 
732. 15 


$852, 
1, 443, 
7,  347, 
1, 138, 

497, 
1,  627, 
1, 493, 

744, 
4, 154, 

693, 
25, 


372.  53 
055.  24 
398.  73 
237. 82 
157.48 
334.  71 
032.  99 
716.04 
568.  49 
363.  60 
227.  00 


243.1 

125.2 

636.0 

73.7 

29.4 

137.3 

101.1 

39.0 

288.6 

120.4 

1.7 


368.1 


21.7 
10.4 
17.6 
31.7 
36.3 


193, 648, 148.  64    82, 158,  756.  79 


7,  317.  4 


2,011.2 


285.3 

125.2 

1, 004. 1 

73.7 

29.4 

159.0 

111.5 

56.6 

320.3 

156.7 

1.7 


9, 328.  6 


Table  26. — Total  cost,  Federal  aid  and  mileage  of  Federal-aid  roads,  initial  and 
stage  improvement,  under  construction  on  June  SO,  1930,  by  States 


state 


Estimated  total 
cost 


Federal  aid 
allotted 


Mileage 


Initial 


Total 


Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

Florida 

Georgia 

Idaho 

Illinois 

Indiana.. 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts... 

Michigan 

Minnesota. 

Mississippi 

Missouri 

Montana 

Nebraska 

-Nevada 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina.. 
North  Dakota  _ 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Rhode  Island 

South  Carolina.. 
South  Dakota. -. 

Tennessee 

Te.xas 

Utah 

Vermont 

Virginia 

Washington 

West  Virginia... 

Wisconsin 

Wyoming 

Hawaii 

Total 


$2, 326, 
4. 114, 
5,  523, 
7, 170, 
4, 989, 

2. 351, 
900, 

5, 127, 
3, 140, 
1,315, 

15,  980, 

4,  953, 
7, 129, 

5,  640, 

3,  736, 
4, 992, 
2, 327, 
1, 174, 

4,  280, 
10, 006, 
10,  791, 

1,  795, 
7,  687, 
7,  874, 
7, 382, 
802, 
1,  542, 
5, 923, 
3,711, 
22,  301, 

3. 352, 
1, 987, 

20,  373, 
3, 804, 
5, 343, 

16,  972, 
1, 960, 
4,  495, 
4,  526, 

3,  278, 
12, 367, 

1, 172, 
2, 165, 

4,  290, 
3,  992, 
3,  474, 
7,  729, 
2, 122, 

■  853, 


218.  40 
720.  89 
331.  76 
064.  91 
906.  87 
390.  33 
925.  60 
463.  61 
227.  85 
433.  28 
580.  76 
074.  92 
677.  69 

308.  69 
246.  74 
472.  59 
133.  99 
932.  65 
043.  25 
110.  54 
550.  43 
493.  20 
851.  27 
376.  59 
359.  82 
672. 12 
914.  69 
349.  51 
585.  77 
867.  76 
750.  01 
394.  70 
300.  95 
215.  31 
938.  89 

451.  08 
716.  15 
500.  70 
179.  47 
768.  07 
394.  51 
923.  88 
910.  24 
724.  92 

309.  81 

452.  68 
781.  66 
570.  69 
565.  90 


$1, 148, 172.  11 

3,  088, 393.  26 
2,  530, 094.  42 
2,  901,  983.  78 
2,  614,  893.  56 

1,  047,  625.  20 
357,  666.  32 

2,  358, 944.  67 

1,  525, 964.  76 
793,  224.  26 

7, 088, 161.  17 

2,  363,  937.  39 
3, 036,  286.  94 
2,  707,  334.  03 

1,  638,  751.  70 
2, 432,  542.  49 

869,119.44 

561,  046.  93 

1, 350,  586.  54 

4,  233,  567.  45 
3, 818,  278.  31 

691,  571.  41 

2,  665,  580.  20 
4,  608,  614.  27 

3,  442,  551.  75 
713, 174. 12 
552, 098.  03 

1, 476,  271.  32 
2, 433, 941.  63 
4, 499,  355.  00 
1, 652, 180.  40 

1,  057, 103. 34 
6,  579,  243.  04 
1,701,181.01 
3, 150,  289.  24 

4,  590, 035.  23 
668, 452.  68 

1, 927,  574.  94 

2,  422. 855.  94 
1,  518,  961.  84 
5, 019,  494.  74 

810,  322.  47 
756,  716.  81 
2, 021,  632.  97 
1,  713,  300.  00 
1, 322,  067.  98 
3, 114,  270.  98 
1, 382,  750.  59 
359, 459. 43 


83.2 

136.5 

142.9 

119.4 

193.6 

10.9 

24.9 

97.1 

118.6 

85.2 

454.4 

153.2 

66.0 

248.7 

121.6 

153.8 

57.6 

34.8 

66.0 

230.6 

232.2 

55.0 

117.5 

525.9 

272.9 


36.6 

66.7 

185.3 

300.4 

146.6 

340.5 

367.8 

116.4 

204.5 

211.7 

28.2 

98.3 

454.1 

132.3 

376.3 

56.3 

42.5 

203.1 

96.5 

75.0 

197.6 

148.5 

21.5 


22.2 
149.1 
46.2 
27.8 
28.3 


5.5 
32.2 

27.8 

176.9 
27.8 
5.5 
14.3 

6.7 

30.4 
237.5 
7.7 
61.3 
43.7 
145.9 
122.1 


50.7 


28.9 
127.8 
35.2 
47.7 
85.4 
14.1 


80.3 
142.0 
12.5 
119.8 
10.8 
1.2 
13.6 
29.8 
27.8 
48.1 
92.6 


105.4 

285.6 

189.1 

147.2 

221.9 

10.9 

24.9 

102.6 

150.8 

113.0 

454. 4 

153.2 

242.9 

276.5 

127.1 

168.1 

57.6 

41.5 

66.0 

261.0 

469.7 

62.7 

178.8 

569.6 

418.8 

122.1 

36.6 

66.7 

236.0 

300.4 

175.5 

468.3 

403.0 

164.1 

289.9 

225.8 

28.2 

178.6 

596.1 

144.8 

496.1 

67.1 

43.7 

216.7 

126.3 

102.8 

245.7 

241.1 

21.5 


271,  259, 136.  10         111,  317,  626.  09 


7,  709.  2 


2, 187.  2 


,  896.  4 
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Table  27. — Total  cost,  Federal  aid  and  mileage  of  Federal-aid  roads,  initial  and 
stage  improvement,  approved  for  construction,  as  of  June  30,  1930,  by  States 


state 


Estimated  total 
cost 


Federal  aid 
allotted 


Mileage 


Initial 


Stage 


Total 


Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut. -- 

Delaware 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts- 
Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Mexico 

New  York 

North  Carolina 
North  Dakota.. 

Ohio__ ._-. 

Oklahoma 

Oregon 

Pennsylvania.. 
South  Carolina. 
South  Dakota.. 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

West  Virginia.. 

Wisconsin 

Wyoming 

Hawaii 

Total 


$13,  545.  40 
116,572.12 
759,  692.  74 
577,  783.  43 
232,  562.  53 
446,  379.  45 
732,  886.  27 
962,  085.  96 
996, 404.  66 
282,  202.  65 
241,  360.  20 
140, 139.  79 
645,  979.  77 
738,  366.  79 
654,  549.  25 
855, 359.  95 
883,  765.  93 
465,  209.  61 
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Table  36. — Federal-aid  apportiormicnt,  and  amounts  paid  io  the  States  for  the 
fiscal  year  1930,  and  the  unohligated  balance  of  the  total  apportionment  on 
June  30,  1930 


state 


Apportionment 
fiscal  year  1930 


Paid  to  States 

during  the  fiscal 

year  1930 


Unobligated  bal- 
ances of  total 

apportionment  on 
June  30,  1930 


Alabama 

Arizona 

Arkansas 

California 

Colorado.- 

Connecticut 

Delaware 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa. -. 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts... 

Michigan 

Minnesota 

Mississippi 

Missouri 

INIontana 

Nebraska 

Nevada 

New  Hampshire. 

New  Jersey 

New  Mexico 

New  York 

North  Carolina.. 
North  Dakota... 

Ohio 

Oklahoma 

Oregon 

Pennsylvania . . . 

Rhode  Island 

South  Carolina  _•. 
South  Dakota... 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

Wast  Virginia... 

Wisconsin 

'Wyomiing 

Hawaii-. 

Total 


$1,  554, 
1.061 

1,  284, 

2,  495, 
1, 

477, 
365, 
909, 
1, 980, 
933, 

3,  118, 
1, 917 
2,  020 
2,  058, 
1,41 
1, 026, 

678, 

633, 

1. 090, 

2,  204, 
2, 108, 
1,311 
2, 392, 
1, 554, 
1,  586 

960, 

365 

937 

1, 189! 

3,  617, 

1,  716 
1, 197, 

2,  754, 
1,  748, 
1, 191, 

3,  325, 
365 

1,061 

1,  229 

1,  609 

4,531 

848, 

365, 

1, 433, 

1, 149 

796, 

1,  854 

939 

36 


,  221.  00 
,111.00 
.  382.  00 
,  345.  00 
;,  755.  00 
,110.00 
.,  625.  00 
,  235.  00 
;  443.  00 
,  902.  00 
,  949.  00 
,  036.  00 
1, 861.  00 
,  305.  00 
,  634.  00 
i,  696.  00 
.,  501.  00 
,  615.  00 
I,  077.  00 
,  966.  00 
1, 104.  00 
,  391.  00 
:,  021.  00 
,  060.  00 
i,  299.  00 
,  375. 00 
.,  625.  00 
,  434.  00 
\  085.  00 
,  748.  00 
i,  919.  00 
,  586.  00 
,  446.  00 
1,  857.  00 
,  989.  00 
,  854.  00 
,  625.  00 
,  447.  00 
,  282.  00 
,  662.  00 
,  162.  00 
,  .592.  00 
,  625.  00 
,  405.  00 
,  489.  00 
1, 408.  00 
,  580.  00 
,  536.  00 
',  025.  00 


$1, 092, 

1,  560, 

650, 

3,  931, 

1,  402, 
281, 
594, 
660, 
623, 
574, 

1, 908, 

2,  295, 
2,  504, 
2,  541, 
1,  537, 

852, 

1, 187, 

466, 

1,  546, 

2,  300, 
2, 192, 

745, 

3, 436, 

2,  571, 

1, 980, 

996, 

464, 

629, 

827, 

4,  078, 
711, 

1,  236, 

2,  455. 

2,  080, 
703. 

3,  710, 
171, 
926, 

1, 162, 
1,  459, 
6,  292, 

730, 

366, 
1,090, 
1,  377, 

874, 
3,  058, 

958, 
79, 


685.  93 
058.  27 
764.79 
822.91 

520. 46 
922.  76 
597. 88 
158. 48 
085.  28 
315.  68 
477.  62 
345.  32 
338.  70 
954.  83 
194.  33 
639.  40 
526.  36 
652.  87 
517.25 
913.  73 
899.  80 
258.  17 
554.  13 
899.  09 
717. 15 
033.  53 
211.66 
055.  00 
764.88 
108.  85 
610.  60 
250.  08 
602.  56 
335.  52 

274. 47 
013.31 
477.  02 
038.  22 
383.  12 
546.  34 
484.  66 
519.  47 
821.  03 
622.  55 
438.  14 

504.  14 

505.  08 
322. 93 
118.  49 


$4,  083, 610. 18 
1,  898, 927.  83 
1,  518,  012. 42 

1,  743,  512.  14 

2,  283,  553.  54 

714. 247.  71 
91,051.91 

1,  681, 203.  79 
2, 902, 272. 18 

1. 175,  024.  06 
4,  656,  255.  25 
2, 473,  551.  58 

1,  892.  77 

2,063,112.86 

114,878.62 

1,  224, 288. 48 

1,  354,  501.  03 

5,  543.  03 

1, 944,  255.  39 

2, 782, 145.  14 

46,  352.  03 

3,  527, 955.  68 
831,  704.  84 

3, 540, 456. 15 

2. 176,  337. 14 
773, 969. 02 
221. 369. 45 

977. 248.  76 
969,  531.  76 

7,  315,  347. 86 

2,  560, 469.  31 
1,  452,  524.  56 

939,  205.  53 

184,  302.  92 

288,  573. 31 

1, 082,  376. 94 

588,  570. 42 

97,  283. 99 

1, 062,  892.  43 

1,552,381.84 

4,  647,  819.  .57 
662,  833. 17 


691,  693.  83 
1,  211,  77.3.  29 
628,  588.  82 
816,  349.  40 
588, 414.  28 
1,  568,  624.  59 


73, 125,  000.  00 


75,  880,  862.  84 


75,  716,  790.  80 
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NATIONAL-FOREST  ROAD  CONSTRUCTION 

During  the  past  year  improvements  have  been  completed  on  266.8 
miles  of  the  forest-road  system,  bringing  the  total  mileage  improved 
to  date  with  Federal  funds  to  4,357.5  miles.  Of  the  mileage  improved 
during  the  year,  244.7  miles  were  in  the  Western  States  and  Alaska, 
and  the  remaining  22.1  miles  were  in  the  forests  of  four  Eastern 
States.  Of  the  total  mileage  improved  to  date,  4,026.7  miles  are  in 
the  West  and  330.8  in  the  East. 

The  mileage  of  forest-highway  projects  completed  during  the 
year  and  to  date  by  States  is  shown  in  Table  37. 

Table  37. — Mileage  of  completed  forest-highway  projects,  by  States 


State 

Mileag?  of  forest- 
highway  projects 
completed— 

State 

Mileage  of  forest- 
highway  projects 
completed— 

During 
1930 

Total  to 

June  30, 

1930 

During 
1930 

Total  to 

June  30, 

1930 

Western: 

Alaska 

17.5 
28.3 
66.9 
13.6 

222.0 
336.2 
383.7 
34.'^.  7 

Eastern: 
Alabama 

5  1 

Arizona . 

Arkansas 

5.4 

65  2 

California 

Florida... 

64  2 

Colorado 

21  4 

Idaho 

24.1  1           .'i08.4 

Michigan       .... 

8  1 

Montana  _.. 

24.5 
3.6 
2.2 

30.4 

391.7 
114.5 
190.4 
677.5 
40.2 
307.9 
227.7 
274.8 

11.7 
1.6 

60  6 

Nevada 

New  Hampshire 

5  2 

New  Mexico 

North  Carolina ... 

36  3 

Oregon... 

South  Carolina  ..  ..- 

16  0 

South  Dakota 

Tennessee     .... 

33  5 

Utah 

7.0 
11.9 
14.7 

3.4 

15.2 

Total 

Wyoming 

22.1 

330  8 

Grand  total 

Total 

244.7 

4,  026.  7 

266.8 

4  357  5 

In  the  forest-highway  system  as  approved  to  daite  there  are 
14,576,1  miles,  of  which  12,378.8  miles  are  in  the  Western  States 
and  Alaska  and  2,197.3  miles  are  in  the  Eastern  States.  Class  1 
highways,  which  are  necessar}'^  sections  or  extensions  of  the  Federal- 
aid  highway  system  lying  wholly  within  the  forest  areas,  total 
1,316.1  miles,  of  which  924.1  miles  are  in  the  Western  States.  Class 
2  highways,  which  also  extend  the  Federal-aid  system,  total  7,293.4 
miles,  of  which  6,961.8  are  in  the  West.  The  class  3  highways,  those 
that  serve  communities  within  the  forests,  total  5,966.6  miles,  of 
which  4,492.9  miles  are  in  the  Western  States. 

The  mileage  of  each  of  the  three  classes  of  highways  and  the 
total  mileage  of  the  forest-highway  system  in  each  State  are  shown 
in  Table  38. 
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Table  38. — Classified  mileage  of  forest -high  way  system,  "by  States 


state 

Mileage  of  forest-highway  system 

Class  1          Class  2 

Class  3 

Total 

Western: 

Alaska - 

415.1 
255.0 
926.3 
483. 0 
328.5 
381.0 

97.0 
199.0 
591.2 

63.0 
290.2 
311.6 
152.  0 

415.1 

Arizona               .      -        

263.3 
321.5 

491.0 
991.0 
1,  240. 0 
760.7 
657.2 
373.8 
211.0 
782.4 
169.0 
457.9 
472.8 
355.0 

1,009.3 

2,238.8 

Colorado                            --  

1,723.0 

4.0 
147.4 

1,09.3.2 

1,185.6 

Nevada                      

470.8 

115.6 
66.2 
2.0 

525.0 

Oregon -- 

1,  439. 8 

South  Dakota 

234.0 

Utah    - 

748.1 

Washington 

4.7 

789.1 

Wyoming  ..  . 

507.0 

Total          .             

924.1 

6, 961.  8 

4, 492. 9 

12,378.8 

Eastern: 

Alabama                         .    .  .  .    

41.0 
14.0 

106.0 
99.0 
11.0 
53.0 

166.0 
28.8 
49.0 

108.9 
33.0 

157.0 
40.0 

167.0 

269.0 

131.0 

41.0 

169.8 

34.0 
0.7 

217.8 

Florida. : 

106.7 

Georgia .     ..  _. 

99.0 

11.0 

Michigan 

13.4 
38.  5 

66.4 

Minnesota .  -    -. 

41.0 

245.5 

Nebraska 

28.8 

New  Hampshire 

30.0 

78.7 

50.0 
50.10 

129.0 

237.6 

Oklahoma 

33.0 

Pennsylvania      .         ..            ...           ..- 

24.5 

16.0 

6.0 

81.0 

38.0 

4.0 

197.5 

South  Carolina  . 

46.0 

Tennessee..  . 

48.0 

296.0 

Virginia    ..        .        .         .      .    .         

307.0 

West  Virginia 

135.0 

Total - 

392.0 

331.6 

1,  473.  7 

2, 197.  3 

Grand  total  . 

1, 316. 1 

7, 293. 4 

5, 966.  6 

14,576.1 

Progress  in  improvement  of  the  system,  which  has  been  maintained 
at  about  the  present  rate  for  several  years,  will  now  be  accelerated 
as  a  result  of  the  increased  funds  authorized  for  appropriation  for 
the  fiscal  years  1931,  1932,  and  1933.  For  these  three  years  the  total 
forest-road  appropriation  authorized  is  $12,500,000  (includes  $3,000,- 
000  for  forest  development  roads  not  necessarily  on  the  system) 
instead  of  the  $7,500,000  which  has  been  authorized  for  several  years 
past. 

The  demand  for  a  higher  type  of  construction  on  forest  highways, 
especially  those  of  classes  1  and  2,  which  are  included  in  the  Federal- 
aid  and  State  systems,  is  evidenced  by  the  fact  that  a  number  of 
projects  recently  graded  and  surfaced  by  the  bureau  with  fine  crushed 
rock  have  been  immediately  oiled  by  the  State  highway  departments, 
notably  in  California  and  Oregon. 

The  proportion  of  mileage  surfaced  by  the  bureau  is  increasing, 
and  it  is  generally  expected  that  the  surfaces  will  be  oiled  shortly 
after  completion.  The  low-cost  surface  treatment  provides  a  sur- 
face which,  so  far  as  the  comfort  of  the  traveling  public  is  concerned, 
usually  equals  hard  surfaces  of  higher  type,  and  it  also  reduces  wear 
and  tear  of  vehicles.  The  cost  of  the  treatment  is  offset  in  a  few 
years  by  the  reduction  in  maintenance  cost. 

Encouraging  progress  is  being  made  in  the  construction  of  forest 
routes  which  serve  as  approaches  to  the  national  parks.  Construc- 
tion is  nearing  completion  on  the  Grand  Canyon-Old  Trails  route 
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ill  Arizona,  which  is  the  south  approach  to  the  Grand  Canyon  Na- 
tional Park.  Similar  progress  has  been  made  in  the  construction  of 
the  south  approach  to  Lassen  Volcanic  Park ;  and  the  reconstruction 
of  the  West  Gallatin  entrance  to  the  Yellowstone  is  also  approaching 
completion. 

The  Gardiner  Bridge  on  the  Yellowstone  Canyon  entrance  to  Yel- 
lowstone Park,  which  was  put  under  construction  during  the  year,, 
will  be  opened  shortly,  and  its  completion  will  fill  the  last  gap  in  the 
forest-highway  approach  to  the  park. 

The  Columbia  Falls-Glacier  Park  Highway  in  Montana  will  be 
completed  this  year.  This  route  is  of  the  highest  importance  to  the- 
Glacier  National  Park  and  State  and  interstate  traffic.  It  has  been 
under  construction  for  the  past  10  years,  and  because  of  the  rugged- 
country  it  traverses  the  construction  has  been  rather  expensive. 

Another  park-approach  road  on  which  very  satisfactory  progress 
has  been  made  is  the  Randle- Yakima  Highway  in  Washington. 
This  route  serves  Mount  Kainier  National  Park  in  the  same  way  that 
the  Columbia  Falls-Glacier  Park  route  serves  Glacier  Park. 

ROAD  CONSTRUCTION  IN  THE  NATIONAL  PARKS 

Steady  progress  has  been  made  during  the  year  on  the  construc- 
tion of  highways  in  the  national  parks.  This  work  is  supervised 
by  the  bureau  uiider  an  agreement  with  the  National  Park  Service 
of  the  Department  of  the  Interior.  The  year's  work  brought  to  com- 
pletion 88.7  miles,  making  the  total  mileage  thus  far  improved  302.1 
miles,  all  of  which  is  in  the  system  of  major  park  roads  which  has. 
been  designated,  including  a  total  of  1,509.7  miles. 

At  the  end  of  the  year  construction  was  in  progress  on  67.3  miles,, 
of  which  20  miles  was  stage  construction. 

•The  mileage  included  in  the  designated  system  in  the  several  parks 
and  the  record  of  completion  during  the  last  year  and  to  date  are 
shown  in  Table  39. 

The  road  construction  in  the  national  parks  involves  some  of  the 
most  interesting  work  of  Ihe  Inireau.  It  is  necessarily  expensive 
because  of  the  very  rugged  country  in  which  it  is  done  and  the  care 
that  must  be  observed  to  avoid  marring  the  landscape. 

Table  39. — The  program  of  national-parh  road  improvement,  and  the  mileage 
of  roads  impron^ed  under  the  supervision  of  the  Bureau  of  Public  Roads 


National  park 

Mileage 
of  the 
pro- 
gram 

Mileage  com- 
pleted under  the 
supervision  of 
the  bureau 

National  park 

Mileage 
of  the 
pro- 
gram 

Mileage  com- 
pleted under  the 
supervision  of 
the  bureau 

^ujing      Total 

eal  vear'  ^^  ''"^'^ 
'  193^     30,  1930 

During 
the  fis- 
cal year 
1930 

Total 
to  June 
30,  1930' 

Crater  Lake 

70.5 
145.9 
122.1 
156.7 
218.6 

84.5 

1.9          23.3 

2. 3           32.  5 

27.7           41.7 

25.  6           59.  5 

8.  6           36.  5 

2.0  1        25.2 

4.0 

369.? 
22.4 
83.6 
47.3 
4.5 
5.4 
73.5 

3.5 
■4.1 

'""'6."6' 

23  9^ 

Glacier 

Zion 

8  7 

Mount  Rainier.. 

11  2 

Grand  Canyon - 

6  0 

Yosemite 

Sequoia 

4.3 

4  3 

General  Grant 

Mount  McKinley..- 

Total         

39.5 
64.4 

1.6 

2.7  '        16.3 

'          8.7 

0.3 

Rocky  Mountain. 

1,509.7  1      88-7 

302. 1 

Devil's  Tower  National 
Monument       

BUREAU   OF   PUBLIC   ROADS  59 

All  park  roads  serve  a  heavy  traffic  during  the  season,  especially 
on  important  holidays  when  the  number  of  vehicles  using  them 
amounts  to  many  thousands  daily.  To  eliminate  dust  and  provide 
adequately  for  the  comfort  of  those  who  visit  the  parks  for  pleasure 
and  recreation  it  is  necessary  that  the  surface  of  all  roads  built 
be  treated  with  bituminous  material  as  promptly  as  possible  after 
they  are  graded.  Eventually,  it  is  anticipated  that  a  high  type  of 
surface  will  be  needed  on  all  park  roads..  Until  such  a  surface  can 
be  constructed,  surfaces  of  selected  local  material,  oil  treated,  are  the 
lowest  type  that  can  be  considered. 

The  road  in  Zion  Park,  recently  completed,  was  dedicated  on  July 
4,  1930.  This  road,  on  which  there  is  more  than  a  mile  of  tunnel 
with  galleries  opening  through  the  wall  of  Pine  Creek  Canyon, 
is  already  one  of  the  country's  most  famous  highways,  although  few 
people  have  yet  had  an  opportunity  to  see  it. 

Another  road  on  which  there  will  be  a  long  tunnel — about  4,200 
feet  in  length — is  being  planned  for  construction  at  an  early  date  in 
Yosemite  National  Park.  The  fact  that  such  tunnels  are  necessary 
gives  some  idea  of  the  extreme  difficulties  of  road  location  in  the 
rugged  and  almost  inaccessible  regions  now,  for  the  first  time,  to  be 
brought  within  the  reach  of  the  ordinary  traveler. 

Of  outstanding  interest'  among  the  projects  completed  during  the 
past  year  are  the  roads  to  the  north  rim  of  the  Grand  Canyon  at 
Bright  Angel  Point  and  Cape  Royal.  The  construction  of  these  roads 
involved  over  25  miles  of  heavy  grading.  In  Mount  Hanier  National 
Park  the  Paradise  section  of  the  Nisqually  Road,  8.5  miles  long,  and 
the  White  River  Road,  nearly  5  miles  in  length,  have  also  been  com- 
pleted. The  former  is  the  southwest  entrance  to  the  park  and  the 
latter  is  the  approach  from  the  northwest.  Both  were  very  heavy 
pieces  of  construction.  In  the  Yellowstone,  the  East  Entrance- 
Sylvan  Pass  Road  has  been  completed,  a  road  8.5  miles  long.  These 
roads  are  important  as  the  means  of  developing  and  giving  access 
to  points  of  great  beauty  in  the  hitherto  isolated  portions  of  these 
great  national  playgrounds. 

Not  the  least  of  the  interesting  features  of  the  national-park  roads 
are  their  bridges,  all  of  which  are  designed  to  harmonize  with  tlie 
natural  surroundings. 

The  Happy  Isles  bridge  in  Yosemite  National  Park  was  completed 
during  the  past  year.  This  bridge — the  sixth  major  structure  built 
by  the  bureau — is  a  strikingly  beautiful  stone-faced  concrete  arch. 
The  Swift  Current  Creek  bridge  on  the  Babb-Many  Glacier  route 
is  another  important  structure  completed  during  the  year.  Because 
of  the  unsatisfactory  bids  received  for  this  bridge,  construction  was 
undertaken  by  the  day-labor  method  under  the  bureau's  supervision, 
and  the  work  was  completed,  in  spite  of  severe  weather  conditions 
and  other  difficulties,  by  the  opening  of  the  park  season  this  year. 

The  designs  of  these  bridges  and,  in  fact,  all  of  the  work  done  on 
the  national-park  roads,  are  subject  to  the  approval  of  the  Park 
Service,  which  is  at  all  times  alert  to  preserve  and  develop  the  natural 
beauty  of  the  extraordinary  regions  in  which  they  are  built. 
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RESTORATION  OF  FLOOD-DAMAGED  ROADS 

By  several  acts  since  1928  Congress  has  authorized  and  made  appro- 
priations for  the  relief  of  a  number  of  States  as  a  reimbursement  or 
contribution  in  aid  from  the  United  States,  induced  by  the  extraordi- 
nary conditions  of  necessity  and  emergency  resulting  from  the  un- 
usually serious  financial  losses  to  such  States  through  damage  to  or 
destruction  of  roads  and  bridges  by  floods  in  1927  and  1929. 

The  first  of  these  acts — that  approved  May  16,  1928 — appropriated 
a  total  sum  of  $5,197,294  in  three  parts,  as  follows :  For  the  State  of 
Vermont,  $2,654,000;  for  New  Hampshire,  $653,300;  for  Kentucky, 
$1,889,994.  These  appropriations  were  made  available  for  expendi- 
ture by  the  State  highway  departments,  with  the  approval  of  the 
Secretary  of  Agriculture,  for  the  restoration  and  relocation  of  roads 
and  bridges  damaged  or  destroyed  when  the  State  has  made  available 
a  like  sum  from  State  funds  for  the  purpose.  In  these  States  the 
Federal  appropriation  is  expendable  only  upon  work  undertaken 
with  the  approval  of  the  Secretary  of  Agriculture  after  the  passage 
of  the  act. 

The  acts  since  passed  providing  for  similar  relief  of  other  States 
permit  the  expenditure  of  the  sums  appropriated  either  to  reimburse 
the  States  for  a  portion  of  expenditures  made  before  the  passage  of 
the  acts  or  to  assist  them  in  work  subsequently  undertaken  with  the 
approval  of  the  Secretary  of  Agriculture.  In  ever}^  case  it  is  neces- 
sary that  the  State  shall  have  expended  or  made  available  for  ex- 
penditure State  funds  in  an  amount  equal  to  the  Federal  reimburse- 
ment or  contribution. 

The  several  acts  making  such  provision,  the  States  benefited,  and 
the  amount  of  the  Federal  appropriation  for  each  are  as  follows : 

The  act  approved  February  28,  1929,  appropriated  for  reimburse- 
ment or  aid  to  the  State  of  Missouri,  $258,418;  to  Mississippi, 
$628,000 ;  to  Louisiana,  $967,582 ;  and  to  Arkansas,  $1,800,000. 

The  act  approved  March  26,  1930,  appropriated  for  reimbursement 
or  aid  to  Alabama  the  sum  of  $1,660,000  previously  authorized,  less 
21/2  per  cent  for  Federal  administration. 

The  act  approved  July  3,  1930,  appropriated  for  reimbursement  or 
aid  to  the  States  of  Georgia  and  South  Carolina  the  amounts  pre- 
viously authorized  as  follows:  Georgia,  $506,067.50;  South  Carolina, 
$805,561 ;  in  each  case  less  2i/2  per  cent  for  Federal  administration. 

As  required  by  these  acts,  rules,  and  regulations  for  carrying 
out  their  purposes  have  been  promulgated  by  the  Secretary  of 
Agriculture. 

The  amounts  of  the  several  appropriations  (less  the  21^2  per  cent 
allowed  for  Federal  administration  in  the  case  of  Alabama,  Georgia, 
and  South  Carolina),  the  amounts  paid  to  the  States  up  to  June 
30,  1930,  and  the  unobligated  balance  for  each  State  are  shown  in 
Table  40.  The  amounts  paid  during  the  past  fiscal  year  are  reported 
in  Table  41. 

The  mileage  of  road  improved  during  the  fiscal  year  and  the  cor- 
responding total  cost  and  Federal  payment  are  given  in  Table  42; 
and  similar  information  with  reference  to  all  improvements  com- 
pleted up  to  June  30  is  given  in  Table  43.  while  Tables  44  and  45 
give  similar  data  with  respect  to  the  flood-relief  roads  under  con- 
struction and  approved  for  construction  on  June  30,  1930. 
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Table  40. — Flood  relief  appropriated,  amounts  paid  to  States,  and  the  uiiohli- 
gated  balance  of  the  appropriation  on  June  SO,  1930 


State 

Appropriated 

Paid  to  the 

States  to  June 

30,  1930 

Unobligated 
balance 

$2,654,000,00 

653, 300.  00 

1, 889, 994.  00 

$2, 490,  742.  00 
563,  345.  89 
393,  595.  65 

$33, 376.  39 

45,  301.  04 

1, 327,  384. 62 

Total    -  

5, 197,  294.  00 

3, 447, 683.  54 

1, 406, 062.  05 

1, 800, 000.  00 
967,  582.  00 
628,  000.  00 
258, 418.  00 

1,  719, 403.  62 

967, 582.  00 

341, 702.  91 

282,  582.  61 

258, 418.  00 

Total 

3,  654,  000.  00 

341,  702.  91 

3,  227, 986.  23 

1,  618,  500.  00 
493,  416.  00 
785, 422.  00 

1, 337,  716.  29 

493, 415. 81 

785, 421.  98 

2, 897,  338.  00 

2, 616, 554. 08 

^  1,  748,632. 

7, 250, 602.  36 

Table  41. — Flood  relief  paid  to  the  States  during  the  fiscal  'year  1930 

Vermont $836,  095.  47 

New  Hampshire 456,  203.  99 

Kentucky 238,  259. 12 


Total 1,  530,  558.  58 

Mississippi 341,  702.  91 


Grand  total 1,  872,  261.  49 

Table  42. — Total  cost,  flood  relief,  and  mileage  of  roads  improved  during  the 

fiscal  year  1930 


state 

Total  cost 

Flood  relief 

Mileage 

Vermont 

$3,  765,  044.  36 
592, 130.  03 
706, 684.  22 

$1,  634, 157.  61 
291. 976.  21 
325,  200.  44 

36.7 

New  Hampshire                 _                                  .        . 

16.9 

Kentucky.. 

39.0 

Total                                           -                .      -_-      .    -. 

5,  063, 858.  61 
7,  428. 96 

2,  251,  334.  26 
1  345, 417.  39 

92.6 

Mississippi - .  - 

.3 

Total    -                                          .  -         -.. 

5,  071,  287.  57 

2,  596, 751.  65 

92.9 

'  $341,702.91  represents  a  reimbursement  to  the  State  for  work  completed  prior  to  the  flood  relief  act. 

Table  43. — Total  cost,  flood  relief,  and  mileage  of  roads  improved  to  June  SO, 

1930 


State 

Total  cost 

Flood  relief 

Mileage 

Vermont        .. .           ..  

$5, 507, 928.  24 

1,  224, 175.  61 

706,  684.  22 

$2, 492, 941.  31 
607, 998.  96 
325, 200.  44 

57.8 

24.6 

Kentucky 

39.0 

Total 

7, 438,  788.  07 

3,426,140.71 

12L4 

Mississippi  .. .    .. ..    .    

7, 428.  96 

1345,417.39 

.3 

Total...- 

7,446,217.03 

3, 771, 558. 10 

121.7 

1  $341,702.91  represents  a  reimbursement  to  the  State  for  work  completed  prior  to  the  Flood  Relief  Act. 
17103—30 4 
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Table  44. — Total  cost,  flood  relief,  and  mileage  of  roads  under  construction  on 

June  30,  1930 


state 

Total  cost 

Flood  relief 

Mileage 

Vermont 

$299, 826.  60 

$127,  682.  30 

3.5 

New  Hampshire 

Kentucky 

322,  512.  36 

155, 655.  44 

18.5 

Total 

622,  338.  95 

283, 337.  74 

22.0 

Table  45. — Total  cost,  flood  relief,  and  mileage  of  roads  approved  for  construc- 
tion on  Jume  30,  1930 


State 

Total  cost 

Flood  relief 

Mileage 

Kentucky 

$194,  267.  73 
3, 854.  29 

$81,  753.  50 
■1,927.14 

10  8 

Arkansas 

Total 

198, 122.  02 

83, 680.  64 

10  8 

The  mileage  of  the  several  types  of  flood-relief  roads  completed 
in  the  several  States  during  the  fiscal  year  1930  is  given  in  Table 
46;  and  the  total  mileage  completed,  under  construction,  and  ap- 
proved for  construction  on  June  30,  1930,  classified  by  types  and  by 
States,  is  given  in  Table  47. 

Table  46. — Mileage  of  the  various  types  of  flood-relief  roads  completed  during 

the  fiscal  pear  1930 


Type  of  construction 

Vermont 

New 
Hamp- 
shire 

Ken- 
tucky 

Missis- 
sippi 

Total 

Graded  and  drained -  -  - 

38.8 

38.8 

Gravel,  untreated ^ -..        _     .._ 

2.4 
9.1 

2.4 

Gravel,  treated-.-        -  ._    .  ._ _.  .     _-  .  _  . 

2.2 
2.7 

11.3 

Macadam,  treated --.  ..-  . 

2.7 

Bituminous  macadam 

3.6 
17.5 
4.1 

3.6 

Portland  cement  concrete 

12.0 

0.3 

29.8 

Bridges 

.2 

4.3 

Total             -         -             -     ---  -  --- 

36.7 

16.9 

39.0 

.3 

92.9 

Table  47. — Mileage  of  the  various  ti/pes  of  flood-relief  roads  completed,  under 
construction,  and  approved  for  construction,  June  30,  1930,  in  Vertnont,  New 
Hampshire,  Kentucky,  and  Mississippi 


Vermont 

New 
Hamp- 
shire 
(com- 
pleted) 

Kentucky 

Missis- 

Type of  construction 

Under 
construc- 
tion 

Com- 
pleted 

Approved 
for  con- 
struction 

Under 
construc- 
tion 

Com- 
pleted 

sippi 
(com- 
pleted) 

Graded  and  drained 

10.6 

18.4 

38.8 

0.8 

6.3 
9.1 

5.1 
2.7 
2.3 

2.6 

3  6 

32.6 

6.2 

13.9 

0.3 

Bridges _. 

.1 

.6 

.2 

.1 

.2 

Total 

3.5 

"■' 

24.6 

10.8 

18.5 

39.0 

.3 
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MOUNT  VERNON  MEMORIAL  HIGHWAY 

Construction  work  on  the  Mount  Vernon  Memorial  Highway  was 
begun  in  September,  1929.  under  a  contract  for  the  placing  of  a 
riprap  sea  wall  to  protect  the  section  of  the  highway  to  be  built  on 
made  land  in  the  old  bed  of  the  Potomac  Eiver  from  Columbia 
Island  to  the  railroad  bridge,  the  construction  of  a  cofferdam,  and 
the  supply  of  stone  for  bridge  facing,  at  the  price  of  $96,610. 

Provision  for  the  construction  of  this  highway  from  Washington 
to  Mount  Vernon  as  a  memorial  to  George  Washington  was  made  by 
the  act  of  Congress,  approved  May  23,  1928,  which  authorized  the 
United  States  Commission  for  the  Celebration  of  the  Two  Hun- 
dredth Anniversary  of  the  Birth  of  George  Washington  to  survey, 
select,  construct,  and  maintain  the  road,  in  cooperation  wdth  the  Sec- 
retary of  Agriculture. 

At  the  request  of  the  commission  surveys  of  two  alternate  routes 
were  made  by  this  bureau  during  the  fiscal  year  1929,  and  on  Janu- 
ary 24,  1929,  the  commission  selected  the  location  known  as  the  river 
route,  which  extends  from  the  Arlington  Memorial  Bridge  at  Colum- 
bia Island  along  and  close  to  the  Virginia  shore  of  the  Potomac,  a 
distance  of  loi^  miles  to  the  !Mount  Vernon  estate. 

The  preparation  of  detailed  plans  for  the  construction  was  well 
advanced  at  the  beginning  of  the  fiscal  year  1930,  and  during  the  year 
all  plans  for  grading  and  incidental  drainage  structures,  for  the 
major  bridges,  and  other  features  necessary  for  the  rapid  prosecu- 
tion of  the  work  have  been  completed. 

The  beginning  of  the  first  work,  mentioned  above,  was  followed 
shortly  by  the  negotiation  of  an  agreement  with  the  Corps  of  Engi- 
neers, United  States  Army,  under  which  that  branch  of  the  military 
service  undertook  to  construct  approximately  2^/4  miles  of  hydraulic 
fill  in  five  sections  at  actual  cost  which  is  estimated  as  $900,000. 
Rapid  progress  has  been  made  in  this  phase  of  the  construction,  and 
at  the  close  of  the  year  four  of  the  five  fills  had  been  completed,  and 
the  fifth  Avas  under  construction,  (xreat  credit  is  due  the  Corps  of 
Engineers  for  the  celerity  and  high  efficiency  with  which  this  work 
has  been  performed  and  the  excellence  of  the  resulting  fills. 

The  contract  for  approximately  12i/^  miles  of  dry-land  grading 
and  small  drainage  structures  and  incidental  construction  was 
awarded  in  March,  1930,  at  a  price  of  $435,890.60,  and  at  the  close 
of  the  fiscal  year  this  work  was  making  very  satisfactory  progress. 

Work  on  the  construction  of  the  major  bridges,  of  which  there 
are  12,  including  the  important  highway  grade-crossing  elimination 
structure  at  the  south  end  of  the  existing  Potomac  River  highway 
bridge,  was  begun  under  a  contract  awarded  in  April,  1930,  calling 
for  the  erection  of  these  structures  at  a  cost  of  $1,777,027.  At  the 
end  of  the  fiscal  year  work  had  been  begun  and  was  well  advanced  on 
several  of  these  structures. 

The  paving  of  the  road,  which  will  follow  the  completion  of  the 
grading  as  closely  as  the  time  necessary  for  the  settlement  of  the 
fills  will  permit,  will  be  undertaken  under  another  contract  to  be 
advertised  shortly  after  January  1,  1931,  and  it  now  appears  to  be 
reasonably  assured  that  the  road  will  be  ready  for  opening  in  con- 
nection with  the  celebration  of  the  bicentennial  in  1932. 
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The  road  as  planned  will  have  a  minimum  pavement  width  of 
40  feet  on  a  minimum  right  of  way  of  200  feet  except  throiigli  the 
city  of  Alexandria,  Va. 

Special  attention  has  been  given  to  tlie  development  of  interesting 
alignment,  and  the  long,  easy  curves,  fitted  to  the  natural  contour  of 
the  land,  are  outstanding  features  of  the  design.  AVith  the  aid  of  a 
landscaping  scheme  which  has  been  carefully  studied  the  road  will 
appear  when  completed  as  a  natural  part  of  the  countryside.  The 
scars  of  construction,  which  detract  from  the  pleasure  of  driving  over 
many  new  roads,  will  be  carefully  obliterated  on  this  highway. 

All  important  crossroads  will  be  carried  under  or  over  the  highway 
on  grade-separating  bridges,  and  minor  roads  intersecting  at  grade 
will  enter  the  highway  from  the  tw^o  sides  at  points  separated  by  a 
considerable  distance  so  as  to  avoid  direct  crossing  of  the  principal 
line  of  traffic. 

Features  of  the  plan  which  are  of  more  than  usual  interest  are  the 
"clover-leaf"  highway  grade  separation  structure  at  the  south  end 
of  the  existing  highway  bridge  over  the  Potomac  at  Washington; 
the  large  terminal  circle  and  concealed  parking  areas  at  Mount 
Vernon;  and  the  flared  and  divided  roadways  which  at  suitable 
points  have  been  provided  to  facilitate  turning  and  halting  of 
vehicles  to  permit  visitors  to  enjoy  views  of  the  river  and  distant 
"Washington. 

INTER-AMERICAN  HIGHWAY 

The  Sixth  International  Conference  of  American  States,  held  at 
Habana,  Cuba,  recommended,  by  resolution,  to  the  Pan  American 
Congress  of  Highways,  which  met  at  Rio  de  Janeiro  in  August,  1929, 
the  consideration  and  adojjtion  of  agreements  looking  to  the  construc- 
tion of  a  Pan  American  highway  connecting  North  America,  Central 
America,  and  South  America. 

By -joint  resolution,  approved  May  4,  1928,  the  United  States  Con- 
gress, taking  cognizance  of  the  above-mentioned  resolution,  requested 
the  President  to  direct  the  several  agencies  of  the  Government  to 
lend  such  cooperation  and  assistance  as  might  be  feasible  and  appro- 
priate with  a  view  to  having  the  matter  of  the  proposed  highway 
thoroughly  considered  by  the  approaching  Pan  American  Congress. 

By  another  joint  resolution,  approved  March  4,  1929,  Congress 
authorized  the  appropriation  of  $50,000  to  enable  the  Secretary  of 
State  to  cooperate  with  the  several  Governments  members  of  the 
Pan  American  Union  in  reconnaissance  surveys  to  develop  the  facts, 
and  to  report  to  Congress  as  to  the  feasibility  of  possible  routes,  the 
probable  cost,  the  economic  service,  and  such  other  information  as 
would  be  pertinent  to  the  building  of  an  inter-American  highway  or 
highways. 

At  the  Pan  American  Congress  of  Highways,  to  which  the  ques- 
tion had  V^een  referred  for  consideration,  the  United  States  was 
represented  by  an  official  delegation,  which  joined  with  the  delegates 
of  other  American  States  represented  in  commending  to  the  several 
Governments  the  importance  of  suitable  international  highway  con- 
nections. 

Following  the  Congress  at  Rio  de  Janeiro,  the  United  States  was 
also  represented  by  a  delegation  appointed  by  the  Secretary  of  State 
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lit  Jill  inter-American  highway  conference  called  by  the  Government 
of  the  Republic  of  Panama  which  met  at  Panama  from  October  7 
to  12,  1929.  At  this  conference  a  resolution  was  adopted  recom- 
mend i  no-  the  creation  of  an  inter- American  highway  commission  to 
carry  on  the  work  of  determining  the  most  feasible  route  of  an  inter- 
American  highway,  and  to  take  such  other  steps  and  make  such 
recoiimiendatlons  as  will  contribute  to  the  realization  of  the  project. 

In  accordance  with  tlie  terms  of  this  resolution,  the  Governments 
of  Costa  Rica.  Guatemala,  Panama,  and  Salvador  have  designated 
representatives  on  the  proposed  commission ;  but  the  Government  of 
the  United  States  has  not  yet  complied. 

However,  the  Governments  of  Guatemala  and  Nicaragua  have 
expressed  through  the  Director  of  the  Pan  American  Union  and  the 
diplomatic  missions  of  the  United  Stales  a  desire  to  have  a  recon- 
naissance survey  undertaken  to  determine  the  most  desirable  route 
for  an  inter-American  highway  across  their  respective  territories, 
and  have  thus  complied  fully  with  the  conditions  of  the  joint  reso- 
lution autliorizing  an  appropriation  to  enable  the  United  States  to 
cooperate  in  such  an  undertaking. 

Accordingly,  the  authorized  appropriation  was  made  by  act  of 
Congress  approved  March  26,  1930,  and  the  Secretary  of  State  has 
designated,  Avith  the  approval  of  the  President,  a  technical  committee 
consisting  of  three  engineers  of  this  bureau  to  cooperate  with  the 
Governments  of  Guatemala  and  Nicaragua  in  the  surveys  requested 
and  with  such  other  Governments  members  of  the  Pan  American 
Union  from  which  similar  requests  may  be  received. 

Late  in  June,  1930,  the  members  of  this  committee  sailed  for 
Panama,  where  headquarters  have  been  provided  through  the  cour- 
tesy of  the  Panamanian  Government;  and  the  requested  surveys  in 
Nicaragua  and  Guatemala  will  be  undertaken  at  once  under  the  im- 
mediate direction  of  this  bureau  in  compliance  with  the  orders  of 
the  Secretary  of  State. 

SIXTH  INTERNATIONAL  ROAD  CONGRESS 

At  the  invitation  of  the  United  States  Government,  the  Sixth  In- 
ternational Road  Congress  will  be  held  in  Washington  from  October 
6  to  11,  1930.  The  congress  will  be  the  sixth  meeting  of  the  Perma- 
nent International  Association  of  Road  Congresses,  an  association  in 
wdiich  the  United  States  holds  membership  as  a  contributing  Gov- 
ernment. 

Appropriations  amounting  to  $55,000  have  been  made  by  Congress 
to  defray  the  expense  of  the  Washington  sessions,  and  the  Secretary 
of  State  has  appointed  an  American  organizing  commission  to  make 
the  necessary  arrangement. 

During  the  past  fiscal  year  this  bureau  has  cooperated  with  the 
commission  appointed  in  every  proper  way  in  order  to  assure  the 
success  of  the  congress,  which  is  expected  to  bring  to  the  United 
States  a  large  number  of  highway  engineers  of  foreign  countries  for 
a  discussion  of  road  problems  of  mutual  interest  and  concern  to  all 
countries. 
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HIGHWAY-TRANSPORTATION  INVESTIGATIONS 

WESTERN   STATES  TRAFFIC  SURVEY 

The  survey  of  traffic  on  the  Federal-aid  highway  system  in  11 
western  States,  to  which  reference  was  made  in  the  last  annual 
report,  was  begun  in  most  of  the  States  in  September,  1929.  In  a 
few  the  counts  were  not  begun  until  October.  It  will  be  continued 
in  all  of  the  States  for  a  complete  year. 

The  States  in  which  the  counts  are  being  made  are  Washington. 
Oregon,  California,  Idaho,  Nevada,  Utah,  Arizona,  Wyoming,  Colo- 
rado, New  Mexico,  and  Nebraska.  In  each  State  the  work  is  being 
done  in  cooperation  with  the  State  highway  department. 

The  results  of  this  survey,  when  analyzed,  compiled,  and  mapped, 
will  provide  accurate  information  with  regard  to  the  flow  of  traffic 
on  the  main  roads  of  nearly  the  entire  western  half  of  the  United 
States.  As  such  information  forms  the  essential  basis  of  a  thor- 
oughly national  plan  of  highway  improvement  it  will  be  an  invalu- 
able guide  in  the  administration  of  Federal-aid  road  construction  in 
the  future.  No  such  completely  coordinated  information  with  re- 
spect to  the  traffic  in  such  a  broad  area  has  been  available  previously 
in  any  part  of  the  United  States,  and  it  is  hoped  that  the  demonstra- 
tion of  the  practicability  of  obtaining  it  and  its  usefulness  as  an  aid 
in  the  determination  of  the  type  and  character  of  future  road  im- 
provements will  lead  to  the  formulation  of  a  plan  by  which  similar 
data  may  be  obtained  and  annually  revised  throughout  the  United 
States. 

In  addition  to  supplying  data  with  regard  to  the  total  density  of 
traffic  in  all  parts  of  the  Federal-aid  system  within  the  area,  the 
Western  States  survey  will  also  furnish  much  valuable  information 
in  regard  to  the  ty})es  of  vehicles  that  compose  the  traffic,  whether 
passenger  automobiles,  trucks,  or  busses,  the  number  of  persons 
transported  by  the  passenger-carrying  vehicles,  the  num})er  of  com- 
mon-carrier trucks  and  busses,  the  origin  and  destination  of  all 
vehicular  movements,  and  in  each  State  the  percentages  of  inter- 
state and  intrastate  traffic. 

MICHIGAN  TRAFFIC  SURVEY 

Toward  the  close  of  the  fiscal  year  arrangements  Avere  completed 
for  another  type  of  traffic  survey  to  be  made  in  Michigan  in  coopera- 
tion with  the  State  highway  department  of  that  State. 

This  survey,  which  is  to  begin  with  the  opening  of  the  new  fiscal 
year,  will  have  for  its  principal  object  the  determination  of  several 
facts  with  regard  to  the  character  and  distribution  of  traffic  on  State 
and  local  roads  and  citv  streets  which  may  have  a  bearing  upon  the 
future  distribution  of  ttie  cost  of  road  improvement  within  the  State. 

The  survey  on  the  rural  roads,  which  will  be  continued  for  a  v\-hole 
year,  will  cover  all  roads  of  both  State  and  local  classification  in 
selected  representative  townships  in  each  county  of  the  State.  The 
princpial  object  of  this  part  of  the  survey  will  be  to  determine,  with 
respect  to  both  State  and  local  roads  in  each  county,  what  part  of 
the  traffic  that  uses  them  originates  within  the  county  and  what  part 
comes  from  without  the  county  borders.  Such  a  classification  of  the 
vehicles  can  be  conveniently 'made  in  Michigan  by  simply  noting 
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certain  significant  figures  of  the  license  numbers  carried  by  all 
vehicles,  since  the  numbers  are  assigned  according  to  a  code  which 
makes  identification  of  the  county  in  which  the  owner  of  each 
vehicle  resides  a  simple  matter. 

By  employing  this  means  of  identification  it  will  be  possible  to 
determine  what  part  of  the  traffic  on  the  roads  in  each  county 
originates  within  the  county  and  what  part  comes  from  without 
the  county. 

It  is  known  from  observations  made  in  many  States  that  the 
traffic  generally  to  be  found  on  a  State  highway  system,  made  up 
of  the  main  intercity  roads,  is  a  comparatively  far-ranging  traffic, 
and  that  it  is  composed  for  the  most  part  of  city-owned  vehicles. 
On  parts  of  the  State  highway  system  within  any  particular  county^ 
it  is  known  in  a  general  way  that  a  large  part  of  the  traffic  comes 
from  cities  within  or  outside  of  the  county  and  much  of  it  from 
without  the  county.  Although  there  have  been  few  accurate  deter- 
minations of  the  character  and  source  of  traffic  on  local  roads  in 
any  State,  it  is  generally  assumed  that  the  roads  of  this  class  in 
the  great  majority  of  counties  serve  a  traffic  that  is  predominantly 
of  intracounty  origin. 

This  difference,  believed  to  exist  between  the  origin  of  the  traffic 
on  State  and  local  roads  forms  the  ethical  basis  of  the  different 
measures  provided  for  the  financing  of  State  and  local  road  improve- 
ment. In  all  States  the  State  road  improvements  are  supported  in 
the  main  by  funds  derived  from  State  taxes,  to  a  large  measure 
taxes  on  motor  vehicles  and  their  fuel.  The  improvements  of  local 
road»  are  quite  generally  financed  with  local  funds  raised  mainly 
by  the  taxation  of  property  within  the  county  or  other  local  taxing 
unit,  supplemented  to  a  limited  extent  by  State  aid  or  a  share  of  the 
motor-vehicle  revenue. 

In  recent  years,  hov.ever,  there  has  been  an  increasing  demand  by 
county  and  township  officials  and  the  representatives  of  rural  pre- 
cincts in  the  State  legislatures  that  a  greater  portion  of  the  State  col- 
lected revenue  be  applied  to  the  improvement  of  local  roads.  Such 
demands  are  usually  predicated  upon  the  assumption  that  the  local 
roads  are  required  to  serve  a  considerable  traffic  from  outside  the 
local  taxing  jurisdiction  and  that  the  State  as  a  whole  should  com- 
pensate the  local  government  in  greater  measure  for  the  highway 
service  thus  afforded  to  other  than  local  vehicles. 

Such  a  claim  is  now  being  pressed  in  Michigan,  and  the  purpose 
of  the  survey  is  to  ascertain  the  facts  that  will  indicate  whether  there 
is  reasonable  and  equitable  basis  for  it. 

To  provide  a  similar  basis  for  legislative  action  on  the  appeal  of 
the  cities  which  also  claim  a  share  of  the  State  revenue  in  considera- 
tion of  the  use  of  their  streets  by  rural  vehicles,  a  special  intensive 
survey  will  be  made  at  the  close  of  the  count  on  the  rural  roads  in 
seven  representativ,e  cities  of  the  State.  The  purpose  of  this  survey 
will  be  to  ascertain  the  relative  use  of  the  city  streets  by  vehicles 
owned  within  and  outside  of  the  several  cities. 

STUDY  OF   COMMON-CARRIER   TRUCK   AND   BUS   OPERATION 

In  cooperation  with  the  Bureau  of  Foreign  and  Domestic  Com- 
merce of  the  United  States  Department  of  Commerce  an  investiga- 
tion  of  the  use  of   the   highways   by   common-carrier  trucks   and 
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busses  was  begun  during  the  fiscal  year.  Certain  general  informa- 
tion with  regard  to  such  operations  has  already  been  obtained  by 
means  of  a  questionnaire  addressed  to  a  large  number  of  operators. 

This  will  be  supplemented  during  the  ensuing  year  by  information 
in  greater  detail  to  l)e  obtained  by  personal  solicitation  from  a 
smaller  number  of  representative  concerns. 

The  purpose  of  this  investigation  is  to  develop  information  with 
regard  to  the  costs  of  such  operation,  especially  the  influence  upon 
such  costs  of  the  condition  of  the  roads,  the  regularity  of  the  service, 
the  types  of  vehicles  emploj'ed,  the  loads  carried,  the  extent  to  which 
the  service  competes  with  and  supplements  rail  and  water  common- 
carrier  service,  and  other  facts  desirable  and  necessary  as  a  basis  for 
the  provision  of  adequate  highway  service  and  the  equitable  and 
reasonable  taxation  and  regulation  of  the  highway  common  carriers. 

HIGHWAY  TRAFFIC  CAPACITY  INVESTIGATION 

In  the  latter  part  of  the  fiscal  j^ear  the  bureau  entered  into  a 
cooperative  agreement  with  the  University  of  Maryland  under  which 
the  two  agencies  will  conduct  an  investigation  to  determine  the  vol- 
ume of  traffic  that  can  be  economically  served,  without  congestion, 
by  roadways  of  various  widths  under  a  variety  of  conditions. 

It  is  expected  that  this  investigation,  which  is  being  conducted  in 
a  number  of  Eastern  States  and  will  be  completed  during  the  next 
fiscal  year,  will  establish  a  usable  relation  between  the  volume  of 
traffic  and  the  width  of  roadway  required  to  serve  it.  It  will  also 
supply  important  information  in  regard  to  the  effect  of  crossroads, 
railroad  crossings,  traffic  lights,  electric-railway  loading  platforms, 
and  other  obstructions  to  the  free  flow  of  traffic. 

STUDIES  OF  HIGHWAY-PRODUCTION  PROBLEMS 

The  studies  of  highway-construction  operations  and  equipment 
and  the  management  of  construction  work  have  been  continued  along 
the  lines  developed  and  reported  in  previous  years.  They  have  a 
dual  purpose:  (1)  To  develop  and  prove  the  various  possibilities  of 
enhancing  the  efficiency  of  road-construction  operations  of  all  kinds, 
and  (2)  by  repeated  demonstration  of  these  possibilities  on  all  kinds 
of  work  in  all  parts  of  the  country,  to  disseminate  a  knowledge  of 
the  more  efficient  methods  and  promote  their  adoption  in  road-con- 
struction work  generally. 

The  latter  purpose  is  achieved  in  several  ways.  The  contractors 
with  whom  the  bureau  cooperates  acquire  a  knowledge  of  the  methods 
employed  in  analyzing  the  various  operations,  detecting  losses  and 
waste  motion,  and  ascertaining  the  changes  and  adjustments  of  plant 
and  working  force  needed  to  improve  efficiency.  The  better  methods 
of  operation  developed  by  the  demonstrations  invariably  become  the 
standard  practice  of  these  contractors  in  their  subsequent  work. 

While  the  number  of  contractors  with  whom  T^lie  bureau  can  co- 
operate thus  directly  is  limited,  the  benefits  of  the  studies  are  ex- 
tended to  a  constantly  increasing  number  of  the  most  progressive 
road  builders  by  means  of  the  published  reports  and  by  papers 
presented  by  representatives  of  the  bureau  at  meetings  of  contractors 
and  highway   engineers.     The   various   associations   of   contractors 
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have  manifested  a  keen  interest  in  all  phases  of  the  work  and  have 
made  it  the  subject  of  discussion  at  many  of  their  meetings. 

Disseminated  in  these  ways,  the  influence  of  the  studies  is  apparent 
in  much  of  the  current  road  work  conducted  in  all  parts  of  the  coun- 
try, and  their  influence  may  be  expected  to  extend  in  ever-widening 
circles  in  the  future  as  a  result  of  the  impressions  now  being  made 
upon  the  minds  of  the  young  men  of  the  on-coming  generation  of 
engineers  and  contractors. 

The  results  of  the  studies  have  been  incorporated  in  college  text- 
books, and  the  original  reports  of  the  bureau  are  used  as  texts  in 
many  of  the  schools.  Engineering  students  are  thus  quite  generally 
instructed  in  the  principles  of  construction  efficiency,  and  to  a  limited 
group  of  selected  students  each  year  the  bureau  provides  an  oppor- 
tunity to  observe  the  application  of  these  principles  on  actual  con- 
struction work.  These  young  men,  chosen  at  the  end  of  their  junior 
year  at  college,  are  given  temporary  appointments  as  student  engi- 
neers in  the  bureau  and  are  assigned  as  assistants  in  current  produc- 
tion studies.  Those  who  manifest  aptitude  for  the  work  and  wish 
to  continue  in  highway  engineering  as  a  profession  are  reappointed 
permanently  when  they  have  received  their  degrees  and  again  as- 
signed to  the  production  studies  for  a  further  training  period  of 
about  two  years.  Many  of  these  young  men  remain  with  the  bureau 
and  are  placed  in  higher  positions  in  the  service  as  opportunity 
offers.  Others  accept  positions  with  State  highway  departments  or 
with  contractors. 

The  production  studies  are  conducted  on  selected  construction  proj- 
ects of  all  types  in  all  parts  of  the  United  States.  As  an  instance  of 
the  success  often  met  with  in  the  work  there  may  be  cited  a  job  in 
southern  California  recently  studied  by  an  engineer  of  the  bureau 
for  a  period  of  about  nine  weeks. 

Two  shovels  were  employed  on  this  job,  which  was  well  above  the 
average  in  respect  to  management  and  personnel.  One  of  the  shovels 
was  new  and  manned  by  an  exceptionally  experienced  crew,  while 
the  other  had  had  two  years  of  use  and  was  manned  by  a  less  expert 
crew.  As  the  material  in  which  the  shovels  worked  was  practically 
the  same  throughout  the  studies,  changes  in  the  rates  of  production 
can  not  be  ascribed  to  differences  in  material. 

Studies  were  made  on  both  shovels,  and  as  the  causes  which  were 
holding  down  production  became  apparent,  suggestions  were  made  to 
the  management  as  to  how  they  might  be  reduced  or  eliminated.  The 
results  were  most  gratifying.  For  the  second  shovel — the  older  one — 
the  average  rate  of  production  during  the  first  three  weeks  was  65, 
91,  and  106  cubic  yards  per  working  hour,  respectively,  an  average 
of  87  cubic  yards  per  working  hour  during  the  whole  period,  and  a 
progressive  increase  during  each  week.  But  the  improvement  did 
not  stop  here.  The  studies  and  suggestions  for  still  further  increases 
in  the  rate  of  production  were  continued  during  the  following  five 
weeks,  with  the  result  that  during  the  last  three  weeks  the  average  rate 
of  production  reached  109,  120,  and  123  cubic  yards  per  working 
hour,  or  an  average  of  117  cubic  yards  per  hour  for  the  last  three 
weeks,  as  compared  with  87  cubic  yards  per  hour  during  the  first 
three  weeks  of  the  studies.  This  represents  an  increase  of  over  34 
per  cent  in  the  average  rate  of  production  as  between  two  equal  and 
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fairly  comparable  periods,  due  entirely  to  the  elimination  of  time 
losses  and  waste  motion,  the  better  coordination  of  dependent  opera- 
tions, and  the  proper  training  of  the  personnel. 

The  other  shovel — the  new  one,  manned  by  personnel  unusually 
well  trained  and  experienced — started  with  a  higher  rate  of  produc- 
tion, yet  it  was  still  possible  by  careful  study  and  close  attention  to 
the  coordination  of  operations  and  elimination  of  minor  time  losses 
to  increase  the  rate  materially.  Thus  during  the  first  three  Aveeks 
of  the  studies  the  average  rate  of  production  for  this  shovel  Avas  115, 
158,  and  131  cubic  yards  per  working  hour,  or  an  average  rate  oi 
about  135  cubic  yards  per  hour.  This  is  an  unusually  high  rate  for 
the  class  of  material  in  which  the  work  was  done ;  nevertheless,  the 
average  rate  during  the  last  three  weeks  rose  to  160,  150,  and  156  cubic 
yards  per  working  hour,  or  an  average  of  155  cubic  yards  per  hour 
for  the  entire  three  weeks.  This  is  an  increase  of  about  15  per  cent 
in  the  average  rate  of  production  of  a  crew  already  exceptionally 
well  trained  and  experienced  and  working  under  alert,  capable  man- 
agement. Daily  rates  of  operation  as  high  as  an  average  of  239  well- 
filled  dipper  loads  per  hour  were  attained  with  a  114-yard  shovel 
loading  into  5-ton  trucks. 

Not  all  jobs,  of  course,  have  yielded  equally  gratifying  improve- 
ment in  the  rate  of  production.  On  the  other  hand,  very  few  proj- 
ects have  been  found  on  which  an  increase  of  10  per  cent  or  more 
in  the  rate  of  production  was  not  possible  without  any  corresponding 
increase  in  the  cost  of  operation. 

In  the  construction  of  concrete  pavements  the  pace  is  set  by  the 
mixer.  Nothing  of  value  is  accomplished  if  materials  are  delivered 
to  the  mixer  at  a  faster  rate  than  they  can  be  converted  into  con- 
crete, and  the  placing  and  finishing  operations  can  not  proceed  at  a 
more  rapid  rate  than  the  output  of  the  mixer  will  permit.  The  rate 
of  output  depends  directly  upon  the  time  required  by  the  mixer  to 
produce  a  uniformly  mixed  batch  of  concrete.  In  order  to  insure 
the  production  of  satisfactory  concrete,  the  specifications  always  re- 
quire a  certain  minimum  mixing  time,  varying  from  60  to  90  seconds 
and  occasionally  longer  periods.  As  the  prescribed  period  definitely 
limits  the  output  of  the  mixer  and  the  whole  construction  operation, 
it  is  important  to  ascertain  what  period  of  mixing  is  actually 
required  to  produce  uniform  concrete  of  good  quality. 

Accordingly,  extensive  studies  of  the  effect  of  the  mixing  time 
on  quality  and  unit  cost  of  concrete  mixed  in  standard  paving  mixers 
under  actual  field  conditions  were  begun  in  1924.  The  result  of  the 
first  four  years'  work  was  published  in  Public  Roads,  volume  9,  No.  5. 
The  work  has  been  continued  during  the  past  fiscal  year,  and  the 
studies  have  now  been  carried  to  a  point  where  they  show  clearly  that 
not  only  is  a  60-second  period  of  actual  mixing  ample  but  that 
on  a  well-managed  job  any  reduction  in  longer  mixing  cycles  can  be 
translated  into  additional  production  and  a  corresponding  decrease 
in  the  unit  operating  cost.  Thus  if  a  well-managed  job  working 
under  specifications  which  require  a  mixing  cycle  of  75  seconds  is 
regularly  producing  at  an  average  rate  of.  say,  40  batches  per  hour 
and  an  operating  cost  of  $1  per  batch,  then  it  may  reasonably  be 
expected  that  if  the  specifications  are  changed  to  permit  the  use  of 
a  60-second  mixing  cycle  the  rate  of  production  will  rise  to  about 
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■50  batches  per  hour,  and  the  operating  cost  will  drop  to  about  80 
cents  per  batch. 

As  a  phase  of  the  study  of  methods  of  constructing  low-cost 
bituminous  roads  which  is  being  conducted  in  cooperation  with  vari- 
ous agencies,  the  methods  of  production  analysis  previously  ap- 
plied to  other  types  of  construction  have  recently  been  employed  in 
the  study  of  the  methods  used  in  these  lately  developed  types.  Some 
of  the  operations,  such  as  those  of  mixing  oil  and  aggregates  in  place 
on  the  road;  present  problems  which  had  not  arisen  in  connection 
with  any  other  type  of  construction.  Consequently,  standardized 
equipment  was  lacking,  and  various  kinds  of  implements  intended 
originally  for  other  purposes  had  to  be  adapted  to  this  new  work, 
often  with  obvious  lack  of  efficiency.  Studies  are,  therefore,  being 
carried  on  to  determine  the  most  efficient  methods  of  performing  the 
operations  which  are  really  necessary  to  obtain  the  desired  results 
and  the  equipment  best  adapted  to  perform  these  necessary  functions 
at  the  loAvest  possible  unit  cost.  To  date  most  of  the  work  has  been 
devoted  to  obtaining  definite  data  on  the  various,  methods  employed 
and  to  studies  of  the  possibilities  offered  toward  increased  rates  of 
production  and  lower  operating  costs.  These  studies,  however,  al- 
ready indicate  that  in  many  lines  of  this  work  considerable  improve- 
ments are  possible,  especially  in  regard  to  a  better  coordination  of 
dependent  operations  and  a  fuller  utilization  of  the  productive 
capacity  of  the  controlling  equipment. 

During  the  past  year  the  bureau  has  assisted  several  State  high- 
Avay  departments  in  the  installation  of  uniform  accounting  and 
statistical  procedures  designed  to  supply  full  and  complete  records 
of  expenditures  and  accomplishments  in  the  fields  of  highway  con- 
struction, maintenance,  and  administration.  Basically,  this  work 
consists  of  the  development  of  standard  definitions  of  the  various 
activities  in  which  the  several  State  highway  departments  are  en- 
gaged and  then  setting  up  a  system  of  standardized  accounts  which 
will  not  only  fully  meet  all  the  accounting  requirements  of  the  de- 
partment and  provide  in  readily  available  and  practical  form  com- 
plete statistical  information  on  any  or  all  desired  lines  of  activity, 
but  will  at  the  same  time  be  adaptable  for  use  in  connection  with 
modern  bookkeeping  and  tabulating  equipment  in  order  to  give  a 
prompt  and  accurate  service  at  the  lowest  possible  cost.  Further 
development  of  this  work  and  the  adoption*  of  such  uniform  sys- 
tems of  accounting  by  the  several  States  will  make  possible  an 
intelligent  comparison  of  costs  of  construction  and  maintenance 
of  roads  as  carried  on  in  each  of  the  States,  a  comparison  which 
is  not  possible  at  present  because  of  the  dissimilar  form  of  the 
available  records.  Such  comparisons,  when  they  can  be  accurately 
drawn,  will  be  helpful  to  all  States  as  an  index  of  the  relative  effi- 
ciency of  their  practices  and  will  be  especially  useful  as  a  means  of 
supplying  data  not  now  available  with  regard  to  the  cost  of  main- 
taining the  various  types  of  roads  under  various  conditions  of  traf- 
fic, climate,  topography,  and  soil.  During  the  past  year  expert 
assistance  along  these  lines  was  given  to  the  State  Highway  Depart- 
ments of  Alabama,  Georgia,  Illinois,  Indiana,  Oklahoma,  South 
Carolina,  and  Tennessee. 
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PHYSICAL  RESEARCH 
SUBGRADE   INVESTIGATIONS 

The  general  problems  involved  in  the  subgrade  investigations 
and  the  complicated  nature  of  these  studies  have  been  described  in 
previous  reports.  During  the  year  these  investigations  have  been 
continued,  as  in  the  past,  with  the  cooperation  of  the  Bureau  of 
Chemistry  and  Soils  and  various  State  highway  departments  and 
educational  institutions. 

Steady  progress  is  being  made  in  the  development  of  new  and 
useful  information,  and  the  advance  that  has  been  made  toward 
a  more  accurate  conception  of  the  characteristics  of  subgrade  mate- 
rials as  they  influence  highway  construction  is  very  satisfying. 

The  stability  of  the  subgrade  or  its  ability  to  resist  lateral  flow 
under  load,  as  it  is  now  understood,  depends  upon  two  mechanical 
properties,  cohesion  and  internal  friction.  Cohesion,  that  part  of 
the  resistance  to  distortion  which  is  independent  of  the  external 
pressure  acting  on  the  soil,  is  furnished  by  the  soil  particles  of 
small  size  such  as  clay  and  colloids.  Internal  friction,  that  part  of 
the  resistance  to  distortion  which  increases  in  direct  proportion  to 
pressure,  is  furnished  by  the  larger  soil  particles  such  as  sand  grains. 
The  cohesion  of  clays  varies  with  the  character  of  the  colloids  pres- 
ent, and  the  internal  friction  developed  by  sands  varies  with  the 
angularity  and  surface  texture  or  roughness  of  the  individual  sand 
grains.  This  knowledge  is  important  with  respect  to  the  design  of 
stable  subgrades  and  low-cost  road  surfaces  such  as  those  of  sand- 
clay  and  topsoil,  since  it  furnishes  a  basis  for  the  determination  of 
the  relative  amounts  of  sand  and  clay  required  to  produce  stability, 
depending  upon  the  cohesion  and  internal  friction  of  the  particular 
materials  available. 

It  is  now  understood  that  volume  changes  in  subgrades,  in  the  ab- 
sence of  frost,  are  caused  entirely  by  absorption  of  moisture  and  its 
loss  by  evaporation  and  that  there  is  a  minimum  limit  of  moisture 
content  below  which  the  volume  of  a  soil  can  not  change.  Above 
this  shrinkage  limit  the  loss  in  volume  of  a  soil  due  to  loss  in  moisture 
content  is  equal  to  the  volume  of  the  moisture  lost.  Practically  this 
information  suggests  that  the  proper  treatment  of  subgrades  likely 
to  be  subject  to  detrimental  volume  change  is  to  protect  them  by  some 
means  which  will  prevent  the  absorption  of  water  and  its  loss  by 
evaporation. 

It  has  been  found  that  the  presence  of  mica,  peat,  or  other  mate- 
rials which  produce  a  porous  soil  condition,  will  result  in  a  subgrade 
having  detrimental  elastic  properties.  Such  elasticity  may  produce 
failure  in  pavements  of  flexible  type  such  as  macadam,  and  excessive 
early  cracking  in  concrete  pavements.  The  preliminary  identifica- 
tion of  elastic  subgrades  is  important  both  from  the  standpoint  of 
the  preparation  of  the  subgrade  and  the  selection  of  a  suitable  type 
of  surfacing.  For  instance,  unless  an  elastic  subgrade  has  been  stabi- 
lized by  treatment,  an  attempt  to  construct  a  macadam  surface  may 
result  in  failure.  Also,  attempted  consolidation  with  a  heavy  roller, 
whicli  is  beneficial  for  a  nonelastic  subgrade,  in  the  case  of  an  elastic 
subgrade  may  result  in  a  rebound  after  rolling  and  cause  early  crack- 
ing in  newly  laid  concrete  pavements. 
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Excessive  heaving  due  to  frost  action  is  now  understood  to  be  due 
to  the  formation  of  well-detined  ice  layers  in  the  subgrade  and  is 
attributed  to  the  following  physical  phenomena: 

(1)  The  ability  of  water  particles  contained  in  large  soil  pores  to 
freeze  at  about  normal  freezing  temperatures. 

(2)  The  ability  of  water  contained  in  the  very  small  soil  pores  to 
resist  freezing  at  abnormally  low  temperatures. 

(3)  The  ability  of  the  large  water  particles,  upon  freezing,  to 
tlraw  to  themselves  particles  of  water  from  the  capillary  pores  which 
do  not  freeze  at  normal  freezing  temperatures.  This  water  from  the 
capillary  pores  freezes  upon  coming  in  contact  with  the  larger  water 
particles  already  frozen  and  adds  to  the  size  of  the  existing  ice 
crystals. 

(4)  As  water  is  drawn  to  the  growing  ice  crystals  from  the 
capillary  pores  the  supply  may  be  replenished  by  water  drawn  up 
by  capillary  action  from  the  ground  water  level.  The  continuation  of 
this  process,  under  favorable  conditions,  may  cause  roads  to  heave 
as  much  as  several  feet. 

It  has  been  found  that  neither  coarse-grained  sands  nor  cohesive 
clays  are  associated  with  detrimental  frost  heaving.  On  the  other 
hand,  porous  silts  and  porous  clays,  low  in  cohesion,  are  subject  to 
detrimental  heaving  in  the  presence  of  the  certain  moisture  and 
temperature  conditions. 

An  understanding  of  the  causes  underlying  the  occurrence  of  frost 
heaving  and  the  ability  to  identify  portions  of  the  subgrade  where 
hea^■ing  is  likely  to  occur  are  of  great  practical  value.  For  example, 
when  gravel  or  other  low-cost  surfaces  are  to  be  constructed  on  silts 
or  porous  clays  it  may  be  necessary  to  provide  an  expensive  drainage 
system  to  lower  the  ground  water  to  an  extent  which  will  cut  olf  the 
supply  of  water  that  would  cause  excessive  heaving.  In  contrast, 
wdien  these  surfaces  are  to  be  constructed  on  cohesive  clays,  where 
trouble  may  be  expected  more  as  a  result  of  volume  change  due  to 
variations  in  moisture  than  as  a  result  of  frost  action,  a  protection  of 
the  subgrade  to  prevent  the  entrance  of  water  from  above  may  be 
more  effective  than  an  expensive  subdrainage  system. 

With  respect  to  drainage  it  is  now  understood  that  certain  soils, 
such  as  heavj'^  clays,  can  not  be  effectively  drained  and  that  the  flow 
of  ground  water  is  through  porous  layers  of  soil.  Completely  to 
intercept  the  seepage  of  ground  water,  drains  must  be  laid  at  an 
elevation  corresponding  to  the  elevation  of  the  lower  surface  of  the 
porous  soil  layer  and  the  upper  surface  of  the  impervious  undersoil. 
The  significance  of  this  knowledge  with  respect  to  road  construction 
is  that  drains  may  be  ineffective  unless  placed  at  exactly  the  proper 
depth  and  that  this  depth  can  be  determined  only  by  soil  examinations 
made  at  every  location  at  which  drains  are  to  be  installed. 

The  methods  used  in  classifying  and  identifying  subgrade  soils  for 
highway  purposes  are  radically  different  from  those  employed  by  the 
agronomist  in  the  study  of  soils  for  agricultural  purposes.  The  latter 
is  interested  primarily  in  the  measurement  of  the  factors  which  indi- 
cate the  ability  of  a  soil  to  nourish  plant  life.  The  highway  engineer 
must  be  able  to  identify  the  physical  properties  which  govern  sta- 
bility, volume  change,  elasticity,  frost  heaving,  and  drainage.  The 
identification  of  these  properties  by  means  of  simple  tests  is  a  new 
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science.  As  the  progress  being  made  dennionstrates  more  and  more 
the  practical  vahie  of  this  work  with  respect  to  road  construction  the 
greater  becomes  the  number  of  problems  presented  for  solution. 

LOW-COST  ROAD   INVESTIGATIONS 

The  development  of  satisfactory  low-cost  types  of  surfacing  for 
light-traffic  roads  is  a  matter  which  will  continue  to  demand  the 
increasing  attention  of  highway  engineers.  Roads  of  this  character 
constitute  important  links  in  the  highway  transportation  system,  and 
relatively  inexpensive  improvements  which  will  render  them  passable 
at  all  seasons  of  the  year  have  become  a  necessity  in  many  locations. 
The  investigations  of  the  Inireau,  designed  to  add  to  the  existing 
knowledge  of  this  subject,  are  being  continued,  and  new  studies  are 
being  undertaken  as  the  conditions  warrant. 

Several  experimental  construction  projects  were  described  in  the 
report  of  last  year.  Of  these,  the  project  in  California,  conducted 
in  cooperation  with  the  division  of  highways  of  the  California  De- 
partment of  Public  Works,  involves  mixecl-in-place  treatments  and 
surface  treatments  of  crushed  rock  and  crushed  gravel  surfaces  with 
different  types  of  bituminous  materials.  The  mixed-in-place  treat- 
ments were  completed  during  the  fall  of  1929  and  give  preliminary 
indications  that  some  of  the  hitherto  untried  materials  may  prove 
very  effective  in  this  type  of  construction.  Some  of  the  surface- 
treated  sections  were  completed  during  the  spring  and  the  rest  will 
be  completed  during  the  summer  of  1930.  The  publication  during 
the  next  year  of  a  report  describing  the  materials  and  methods 
employed  in  the  various  sections  is  contemplated. 

The  experimental  road  in  the  sand-hill  area  of  Nebraska  for  the 
study  of  bituminous  treatments  of  roads  composed  almost  entirely  of 
sand  was  partially  constructed  during  the  fall  of  1929  and  the  con- 
struction will  be  completed  during  the  summer  of  1930,  The  condi- 
tion of  the  sections  already  completed,  together  with  the  observed 
behavior  of  the  earlier  experimental  section  in  this  area,  now  nearly 
two  years  old,  encourage  the  belief  that  an  economical  type  of  con- 
struction will  be  developed  which  will  be  useful  in  improving 
highway  conditions  in  this  area  and  others  of  similar  character. 

In  South  Carolina  the  construction  of  different  t^'pes  of  bitumin- 
ous surfacings  on  marl  and  sand-clay  bases,  in  an  exi)erimental 
project  41/^  miles  in  length,  was  completed  during  1929.  There  are 
now  under  observation  in  this  State  three  experimental  projects,  con- 
structed and  maintained  in  cooperation  with  the  State  highway  de- 
partment, having  a  total  length  of  approximately  32  miles.  It  is 
anticipated  that  progress  reports  of  this  work  will  be  published  dur- 
ing the  next  fiscal  year. 

Preliminary  arrangements  are  l>eing  made  to  extend  the  stud}'  of 
low-cost  road  construction  to  Colorado  Avhere,  in  cooperation  with 
the  State  highway  department,  it  is  proposed  to  build  an  experi- 
mental section  about  3  miles  in  length.  This  will  have  a  gravel  sur- 
face, treated  with  bituminous  materials  by  the  mixed-in-place 
method.  Among  other  features  to  be  studied  will  be  the  possible 
utility  of  types  of  bituminous  materials  which  have  not  been  used 
before  in  either  ordinary  construction  or  experimental  work. 
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The  study  of  methods  of  bituminous  low-cost  road  construction 
developed  by  State  highway  departments  and  local  authorities  in 
various  parts  of  the  country,  begim  during  the  preceding  fiscal  year 
in  cooperation  with  the  asphalt  institute,  have  been  continued 
throughout  the  past  year.  These  methods  have  been  developed  to 
meet  conditions  prevailing  in  the  particular  localities,  with  results 
more  or  less  satisfactory.  Many  of  them  have  much  in  common  but 
differ  in  details  regarded  as  of  importance  by  the  local  authorities. 
By  studying  and  comparing  them  the  bureau  and  its  cooperators 
hope  to  be  able  to  weigh  the  relative  advantages  of  each  method, 
to  gain  a  first-hand  knowledge  of  the  variable  conditions  that 
must  be  dealt  with,  and  to  obtain  suggestions  here  and  there 
which,  when  combined,  will  lead  to  the  development  of  more  effec- 
tive methods  than  have  yet  been  developed.  The  definite  ideas  with 
respect  to  new  and  potentially  valuable  methods  and  materials,  de- 
veloped as  a  result  of  these  broad  studies  of  prior  experience  will  be 
subjected  to  intensive  study  and  test  in  the  laboratory  and  in  ex- 
perimental roads  to  be  constructed  subsequently  under  carefully  con- 
trolled conditions. 

During  the  past  year  such  broad  studies  have  been  made  of 
methods  of  bituminous  treatment  of  sand-clay  and  topsoil  roads 
developed  in  Florida  and  South  Carolina,  of  the  oil  treatment  of 
earth  roads  as  practiced  in  Illinois,  and  the  so-called  retread  method 
of  restoring  worn  stone  and  gravel  roads  as  employed  in  Indiana. 
A  report  of  the  Florida  and  South  Carolina  investigations  has  been 
published. 

During  the  ensuing  year  it  is  planned  to  continue  with  studies 
of  the  process  developed  in  Minnesota  and  known  as  the  gravel- 
blotter  method,  by  which  remarkably  satisfactory  improvements 
have  been  made  at  very  moderate  cost;  and  the  studj^  of  retread 
types  will  be  extended  into  Kentucky,  where  the  method  employed 
differs  in  a  number  of  particulars  from  that  used  and  previously 
studied  in  Indiana. 

MOTOR-VEHICLE   IMPACT   INVESTIGATIONS 

For  a  number  of  years  the  bureau  has  been  investigating  the  im- 
pact of  motor  vehicles  (particularly  motor  trucks  of  the  heavier 
types)  as  a  force  destructive  of  road  surfaces.  Much  of  this  work 
has  been  done  in  cooperation  with  the  Society  of  Automotive  Engi- 
neers and  the  Rubber  Manufacturers  Association. 

These  investigations  have  been  of  a  pioneer  nature  and  have  led, 
of  necessity,  to  the  devising  of  instruments  and  apparatus  for  the 
determination  of  the  forces  involved. 

In  order  that  the  accuracy  of  the  data,  obtained  with  these  devices, 
might  be  definitely  established  an  arrangement  was  made  with  the 
Bureau  of  Standards  for  a  cooperative  investigation  of  the  accu- 
racy of  all  the  instruments  which  had  been  used  or  proposed  for 
use  in  this  work.  A  very  searching  study  was  made  and  during  the 
past  year  was  completed. 

The  report  of  this  instrument  investigation  has  cleared  away  all 
uncertainty  regarding  the  limitations  of  the  instruments,  has  estab- 
lished the  probable  accuracy  of  future  work,  has  allowed  the  release 
of  completed  reports  and  the  resumption  of  active  investigation  along 
lines  previously  authorized. 
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Three  reports  have  been  prepared  for  early  publication.  The  first 
is  a  summary  report  of  the  instrument  investigation,  with  special 
emphasis  on  the  relation  of  this  work  to  the  other  data  on  motor- 
truck impact.  The  second  report  discusses  the  effect  of  the  thickness 
of  the  tread  rubber  of  solid  and  cushion  truck  tires  on  the  magnitude 
of  the  impact  reaction  which  may  be  expected,  and  the  third  is  an 
account  of  a  study  of  the  interrelationship  of  the  four  major  vari- 
ables which  determine  the  magnitude  of  the  impact  reaction.  These 
four  variables  are  wheel  load,  tire  equipment,  vehicle  speed,  and  road 
roughness.  The  third  report  presents  data  showing  how  each  of 
these  important  factors  is  related  to  the  other. 

INVESTIGATIONS  OF  CONCRETE 

A  number  of  investigations  of  Portland-cement  concrete,  to  which 
reference  has  been  made  in  previous  annual  reports  and  from  which 
it  is  hoped  to  obtain  a  more  complete  knowledge  of  how  to  use  this 
important  structural  material  in  highway  work,  have  been  continued. 
These  investigations  include  studies  of  the  most  desirable  proportions 
of  materials  to  use  in  concrete-pavement  mixtures,  with  special  ref- 
erence to  the  effect  of  increasing  the  amount  of  coarse  aggregate; 
studies  of  conditions  affecting  the  resistance  of  concrete  to  repeated 
frost  action,  with  special  reference  to  the  influence  of  the  kind  of 
aggregate  used ;  an  investigation  of  sands  used  in  concrete-pavement 
construction  for  the  purpose  of  ascertaining  the  influence  of  the  type 
of  sand  on  the  quality  of  concrete;  and  studies  of  various  methods 
of  curing  concrete  pavements  in  an  effort  to  ascertain  which,  if  any, 
of  the  numerous  methods  now  being  activel}^  promoted  are  as  satis- 
factory as  the  present  standard  method  of  covering  the  fresh  concrete 
with  a  layer  of  damp  earth  kept  wet  for  several  days. 

The  half-mile  experimental  pavement  to  which  reference  was  made 
in  the  report  of  last  year  has  lieen  constructed,  and  the  tests  have  been 
practically  completed.  Complete  analysis  of  the  data  has  not  yet 
been  accomplished ;  it  is  probable,  however,  that  concretes  containing 
considerably  more  coarse  aggregate  than  the  mixtures  now  usually 
employed  may  be  safely  used. 

The  severe  weather  conditions  to  which  concrete  pavements  are 
subjected,  especially  in  the  Northern  States,  with  the  consequent 
tendency  to  disintegrate  through  frost  action  emphasizes  the  im- 
portance of  studying  conditions  affecting  durability.  Studies  of 
this  character  are  necessarily  of  long  duration  on  account  of  the 
time  required  to  produce  conditions  in  tlie  laboratory  which  are  com- 
parable with  actual  weathering.  For  this  reason  the  first  series 
of  tests  conducted  by  the  bureau  along  this  line,  Avhich  was  started 
several  years  ago,  is  only  now  being  completed.  These  tests  Avere 
for  the  purpose  of  ascertaining  how  the  resistance  of  concrete  to 
frost  action  is  affected  by  the  kind  of  coarse  aggregate  used.  The 
tests  indicate  the  extreme  importance  of  determining  definitely  in 
advance  of  any  construction  whether  the  coarse  aggregate  to  be  used 
is  of  a  durable  character.  Nondurable  aggregates,  even  though  they 
make  concrete  of  the  required  strength,  should  never  be  used. 

During  the  summer  of  1926,  40  concrete  test  shibs  200  feet  long 
and  2  feet  wide  Avere  constructed  at  the  Arlington  Experiment  Farm, 
Rosslyn,  Va.,  and  subjected  to  a  wide  variety  of  curing  treatments. 
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For  three  and  one-half  years  these  sections  were  closely  observed  to 
determine  the  effects  of  the  various  curin<>:  methods.  Data  were 
obtained  on  the  volume  change,  moisture  loss,  surface  hardness,  and 
many  other  characteristics  of  the  several  sections.  A  detailed  re- 
port of  these  studies  has  been  published  during  the  past  year;  the 
information  contained  in  that  report  is  a  distinct  contribution  to 
the  general  knowledge  of  the  subject  of  the  curing  of  concrete 
pavements. 

The  bureau  has  also  cooperated  with  the  Tennessee  Department 
of  Highways  in  a  study  of  curing  methods  as  applied  to  actual  pave- 
ments. The  investigation,  Avhich  has  been  completed  recently,  was 
conducted  on  a  17-mile  length  of  concrete  pavement  in  southwestern 
Tennessee.  Twenty-five  different  methods  of  curing  were  employed. 
In  the  report,  which  is  now  being  prepared  for  publication,  the 
analvsis  of  the  relative  efficiency  of  the  various  curing  methods  will 
be  based  on  a  consideration  of  such  factors  as  the  strength  of  the 
concrete  specimens  and  transverse  cracking  and  surface  hardness  of 
the  pavement. 

A  device,  utilized  in  both  of  the  above  curing  investigations,  has 
been  developed  for  indicating  the  surface  hardness  of  concrete  pave- 
ments. This  apparatus  is  very  simple  in  principle  and  is  portable, 
so  that  it  may  be  used  on  any  pavement,  the  test  being  made  in 
place  without  damage  to  the  pavement.  The  device  consists  of  three 
hardened  steel  wheels,  bearing  a  constant  load,  which  are  caused  to 
roll  slowly  around  a  circular  path  (20  inches  in  diameter)  on  the 
pavement.  These  wheels  cause  a  narrow  groove  to  be  worn  in  the 
pavement  and  the  depth  of  the  groove  after  the  completion  of  a 
specified  number  of  revolutions  is  a  measure  of  the  hardness  of  the 
pavement  surface.  The  test  was  devised  to  indicate  the  effect  of 
curing  treatments  on  surface  hardness  but  may  be  used  to  study  other 
factors,  such  as  aggregates, 

HIGHWAY-BRIDGE   INVESTIGATIONS 

In  the  last  annual  report,  a  program  of  bridge-floor  slab  tests 
being  made  in  cooperation  with  the  Port  of  New  York  Authority 
was  described  in  some  detail,  and  the  importance  of  the  tests  was 
noted.  These  tests  have  been  virtually  completed,  and  a  comprehen- 
sive report  is  being  prepared.  In  this  program  three  different  aggre- 
gates were  used,  and  the  concretes  were  placed  by  each  of  four 
methods.  Strength  data  were  obtained  for  both  plain  and  reinforced 
slabs.  A  large  number  of  bond  tests  of  embedded  steel  were  made 
and  information  developed  on  the  elastic  and  other  properties  of 
the  concrete  obtained  by  the  various  combinations  and  methods  of 
placing.  There  is  a  demand  for  information  which  will  assist  in  the 
development  of  bridge-floor  slabs  of  less  weight  than  those  ordi- 
narily employed,  and  the  report  of  this  investigation  will  add  mate- 
rially to  the  data  now  available. 

Another  investigation  having  a  similar  purpose  is  to  be  carried 
on  during  the  next  fiscal  year  in  cooperation  with  the  authorities  of 
Allegheny  County,  Pa.  A  newly  developed  type  of  steel  and  con- 
crete bridge-floor  slab  of  extremely  light  weight  has  shown  satis- 
factory strength  in  laboratory  tests  under  static  loads.  To  observe 
its  resistance  to  impact  forces,  such  as  would  be  developed  by  the 
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wheels  of  heav}^  motor  trucks,  impact  tests  are  to  be  conducted  on  an 
experimental  section  of  bridge  floor  about  15  feet  square. 

In  France,  the  Freyssinet  method  of  concrete-arch  construction 
has  been  in  use  for  some  years  and  has  been  employed  in  the  con- 
struction of  some  of  the  longest  concrete-arch  spans  in  the  world. 
By  means  of  hydraulic  jacks  placed  at  a  transverse  joint  at  the 
crown,  the  two  halves  of  the  arch  are  forced  apart  and  lifted  from 
the  centering  which  supports  the  arch  ribs  during  construction.  This 
permits  the  final  placing  of  the  axis  of  the  arch. in  any  predeter- 
mined position,  thus  relieving  the  structure  of  certain  stresses  which 
would  otherwise  occur  and  permitting  a  more  accurate  determina- 
tion of  stress  effects  than  is  possible  in  the  case  of  concrete  arches 
constructed  by  usual  methods.  The  method  has  never  been  employed 
in  bridge  construction  in  the  United  States.  During  the  year  ar- 
rangements for  a  detailed  investigation  of  its  advantages  have  been 
made.  This  investigation,  to  be  made  in  cooperation  with  the  Oregon 
State  Highway  Commission,  will  be  conducted  in  connection  with 
the  construction  of  a  large  concrete-arch  highway  bridge  in  Oregon, 
and  will  involve  accurate  measurements  of  stresses  and  deflections 
in  the  structure.  The  substructure  of  the  bridge  is  to  be  completed 
during  the  season  of  1930,  and  the  investigational  work  will  be 
done  during  the  season  of  1931  in  connection  with  the  construction 
of  the  superstructure. 

DIVISION  OF  AGRICULTURAL  ENGINEERING 

IRRIGATION  INVESTIGATIONS 

DUTY-OF-WATER   STUDIES 

Studies  pertaining  to  duty  of  irrigation  water  in  its  various  forms 
continue  to  occupy  a  prominent  place  in  the  activities  of  the  division 
of  agricultural  engineering.  The  last  of  a  series  of  five  reports  on 
the  irrigation  requirements  of  western  lands,  begun  several  years  ago, 
is  Hearing  completion.  The  summation  of  the  water  allotments  dis- 
closes the  fact  that  water  is  available  for  the  eventual  irrigation  of 
62,000,000  acres,  when  the  Nation  needs  the  products  which  this 
acreage  would  yield. 

Where  the  waters  of  the  San  Joaquin  River  meet  those  of  the  Sac- 
ramento River  in  California  a  broad  delta  has  been  created,  about 
half  of  which  has  been  protected  by  levees  and  rendered  highly  pro- 
ductive by  drainage  and  irrigation  systems.  Part  of  the  reclaimed 
area  is  below  tide  level  and  the  rest  but  slightly  above.  To  determine 
accurately  the  quantity  of  water  transpired  by  cultivated  plants  on 
this  area  it  is  necessary  to  grow  specimens  of  each  kind  in  tanks. 
The  native  vegetation,  such  as  tules  and  cattails,  which  flourish  on 
the  unreclaimed  areas,  has  likewise  been  subjected  to  similar  treat- 
ment with  rather  remarkable  results.  The  records  for  12  tanks  in 
which  such  vegetation  was  growing  show  that  for  the  month  of 
August,  1929,  alone  the  average  water  loss  resulting  from  evapora- 
tion and  transpiration  was  at  the  rate  of  2.G5  acre-feet  per  acre. 
About  8,000  acres  are  occupied  by  this  worthless  growth,  and  the 
quantity  of  water  evaporated  and  transpired  from  them  annually  is 
estimated  to  be  150,000  acre-feet — sufficient  to  irrigate  adequately  at 
least  60,000  acres  of  alfalfa. 
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In  southern  Oregon  the  water  requirements  of  pear  trees  are  being 
determined  by  ascertaining  the  relationship  between  water  applied 
and  A^eld.  the  moisture  content  of  the  soil  before  and  after  irriga- 
tion/and  how  water  can  be  made  to  penetrate  heavy  soils  in  order  to 
furnish  much-needed  moisture  to  the  lower  roots. 

In  southern  California  a  diminution  of  the  available  water  supply 
following  a  series  of  dry  years  has  aroused  a  widespread  and  intense 
interest  in  everything  pertaining  to  water.  A  number  of  State  and 
Federal  agencies  have  entered  this  field  in  an  endeavor  to  contribute 
aid.  The  work  of  this  bureau  is  being  carried  on  along  two  more  or 
less  distinct  lines.  In  one  of  these  an  intensive  study  is  being  made 
of  orchard  irrigation  with  the  object  of  eliminating  much  of  the  cus- 
tomary waste  and  applying  water  more  effectively  and  in  better 
time,  so  as  to  produce  a  profitable  yield  of  fruit  with  less  water. 
The  other  is  more  general  in  character  and  consists  in  collecting  data 
to  show  what  becomes  of  the  rain  which  falls  on  untillable  watersheds 
sparsely  covered  by  native  vegetation.  Rainfall  penetration  in  soils 
and  subsoils  is  being  studied  as  well  as  the  quantity  of  rain  water 
annually  transpired  by  native  vegetation. 

For  a  few  years  past  the  precipitation  has  been  subnormal,  and 
very  little  water  falling  as  rain  upon  the  valley  floors  in  southern 
California  has  penetrated  w^ithin  the  soil  to  depths  below  the  roots 
of  plants.  As  a  result  the  level  of  the  underground  water,  which 
forms  a  supply  for  pumping,  has  been  lowering  and  additional  means 
of  replenishment  have  been  sought. 

WATER    SPREADING 

In  many  sections  of  the  West  a  considerable  part,  and  in  some  sec- 
tions the  major  part,  of  the  irrigation-water  supply  is  derived  from 
underground  sources  and  is  elevated  by  means  of  pumps.  The  re- 
cent cycle  of  dry  5^ears  has  resulted  in  an  overdraft  upon  the  under- 
ground-water supply  and  a  consequent  lowering  of  the  water  table. 
In  some  cases  the  economic  limit  of  pumping  lift  has  almost  been 
reached.  Near  the  coast  the  water  table  is  at  or  near  the  ocean  level, 
and  unless  some  means  of  increasing  the  underground-water  supply 
or  decreasing  the  demand  on  this  supply  is  employed,  salt  water  will 
come  in  from  the  ocean  and  impair  the  quality  of  underground  water 
to  such  an  extent  as  to  render  it  valueless  for  agricultural  purposes. 

The  results  of  rainfall-penetration  studies  have  disclosed  certain 
facts  regarding  the  rate  of  replenishment  from  this  source  to  the 
underground-water  supply,  and  to  augment  this  replenishment  the 
attention  of  this  bureau  and  other  agencies  has  been  directed  toward 
the  spreading  of  flood  waters  over  porous  areas  associated  with  un- 
derground-water basins. 

Study  of  the  problem  of  water  spreading  and  its  effectiveness  has 
just  been  undertaken,  but  the  practice  in  southern  California  dates 
back  more  than  40  years.  The  results  of  the  preliminary  investiga- 
tional work  promise  much  for  this  method  of  increasing  the  present 
available  water  supply  in  many  Western  areas. 

LOSS  OF  WATER  BY  EVAPORATION 

A  report  giving  the  results  of  research  investigations  of  the  fac- 
tors affecting  rates  of  evaporation  from  a  free-water  surface  has  been 
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submitted  for  publication.  A  reservoir  has  been  found  that  is  j2;eo- 
logically  "tight"  and  has  an  inflow  durinfj  the  summer  season  that 
can  be  accurately  measured  and  an  outflow  that  can  be  controlled. 
Plans  have  been  made  to  carry  on  intensive  evaporation  studies 
upon  it. 

PUMPING  FOR  IRRIGATION 

There  are  many  faulty  installations  of  pumping  equipment,  and  it 
is  not  infrequent  to  find  the  water  elevated  appreciably  higher  than 
necessaiy,  thereby  adding  to  the  power  cost.  While  much  time  and 
means  have  been  devoted  to  the  improvement  of  pumping  equipment, 
too  little  attention  has  been  paid  to  the  economical  utilization  of  the 
Avater,  and  frequently  wasteful  usage  by  the  irrigator  more  than 
offsets  mechanical  betterments. 

During  the  last  year  or  two  it  is  probable  that  more  land  in  the 
western  ])art  of  the  United  States  has  been  drained  by  pumping  than 
by  gravity.  Where  conditions  are  favorable  to  pumping,  that 
method  is  more  satisfactory  than  gravity  drainage,  largely  because 
it  is  possible  to  lower  the  general  water  surface  of  the  underground 
water  to  a  greater  depth  and  at  much  less  expense  by  mjeans  of  pump- 
ing. Since  this  means  of  drainage  was  first  undertaken  in  the  Salt 
River  Valley  of  Arizona,  it  has  extended  into  several  of  the  Western 
States,  while  in  California  and  Idaho  large  areas  of  water-logged 
land  have  been  reclaimed  by  this  means.  In  cases  wdiere  the  under- 
ground water  is  suitable  for  irrigation,  the  operating  expense  of  the 
pumping  plants  is  frequently  wholly  offset  by  the  utilization  of  the 
pumped  Avater  for  irrigation. 

CUSTOMS,   REGULATIONS,   AND  LAWS  RELATING   TO   IRRIGATION 

Studies  begun  during  the  fiscal  year  1928  in  cooperation  with  the 
Oregon  Agricultural  Experiment  Station,  involving  the  engineering,, 
agricultural,  and  general  economic  status  of  various  irrigation  dis- 
tricts in  Oregon,  were  continued  during  the  past  year  at  the  invi- 
tation of  the  State  reclamation  commission.  Reports  on  several 
districts  begun  during  the  previous  fiscal  year  w^ere  completed  and 
submitted  to  the  State  reclamation  commission,  and  two  additional 
studies  Avere  undertaken.  Negotiations  are  now  in  progress  betAA^een 
most  of  the  districts  and  the  holders  of  their  bonds  to  effect  settle- 
ments on  bases  ascertained  in  these*studies  to  be  economically  justi- 
fiable. Invitations  haA^e  been  received  to  undertake  similar  studies 
in  connection  Avitli  defaulting  districts  in  several  other  States. 

The  field  Avork  and  manuscript  for  a  revision  of  Department  Bul- 
letin No.  1177,  Irrigation  District  Operation  and  Finance,  Avere  com- 
pleted during  the  fiscal  year.  In  connection  Avith  this  project,  a 
comparative  summary,  by  topics,  of  the  irrigation  district  laAvs  of  all 
17  Western  States  has  been  undertaken  and  is  nearing  completion. 
This  Avill  be  submitted  for  publication  during  the  current  year.  A 
technical  bulletin,  entitled  "  Commercial  Irrigation  Companies,"  Avas 
issued  during  the  year. 

DKSIGN,  INVENTION,  AND  TESTING  OF  APPARATUS 

Studies  of  the  Parshall  measuring  flume  have  been  continued, 
especially  in  connection  Avith  the  large  sizes.     Investigations  regard- 
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ino;  this  type  of  measuring  flume  have  been  nearly  completed,  and  a 
manuscript  on  large  flumes  will  be  prepared  for  publication  during 
the  winter  of  1930-31. 

Studies  were  continued  on  the  adjustable-tube  measuring  device, 
which  is  intended  for  use  on  small  water  supplies  and  for  individual 
use. 

FLOW   OF    WATER   IN    DITCHES,    PIPES,    AND   OTHER   CONDUITS 

A  bulletin  on  the  flow  of  Avater  in  riveted  steel  and  analogous  pipes 
was  issued  during  the  fiscal  year. 

The  study  of  the  flow  of  water  in  flumes  is  being  continued,  and 
special  attention  is  being  given  to  "  entrance  losses."  A  design  for 
entrances  to  flume  sections  has  been  developed  which  results  in  a  more 
nearly  straight-line  approach  of  the  water  to  the  flume  section, 
thereby  increasing  the  carrying  capacity. 

RECLAMATION   OF   ALKALI   LANDS 

Investigation  of  this  problem  in  cooperation  Avith  the  Idaho  Agri- 
•cultural  Experiment  Station  Avill  haA^e  continued  for  a  period  of  five 
years  at  the  end  of  the  1930  season.  During  the  fall  of  1929  a  pump- 
ing plant  Avas  installed  on  the  experimental  tract  for  the  purpose  of 
supplementing  the  gravity  drainage  system.  This  plant  has  been 
in  continuous  operation  during  the  first  half  of  the  calendar  year 
1930.  It  is  expected  that  a  progress  report  Avill  be  prepared  for 
publication  at  the  close  of  this  season. 

DRAINAGE   OF   LANDS    OVERLYING    ARTESIAN   BASINS 

For  the  last  three  years  the  bureau,  in  cooperation  Avith  the  Utah 
Agricultural  Experiment  Station,  has  been  studying  methods  uti- 
lized for  the  drainage  of  Avater-logged  lands  overlying  artesian 
basins,  the  particular  basin  under  observation  being  in  Cache  Val- 
ley, in  northern  Utah.  The  artesian  basin  is  generally  about  50  feet 
below  the  surface,  and  the  soil  overlying  this  basin  is  for  the  most 
part  dense  material.  It  w^as  soon  found  both  theoretically  and  by 
trial  that  graAdty  drainage  was  not  practical.  The  problem,  there- 
fore, became  one  of  relieving  the  hydrostatic  pressure  of  the  under- 
ground Avater,  since  observation  had  shown  that  the  land  was  water- 
logged by  the  upward  movement  of  water  from  this  artesian  basin. 
Numerous  test  Avells  were  driA^en  over  a  considerable  area  for  the 
purpose  of  observing  the  hydrostatic  pressure.  A  considerable  num- 
ber of  2-inch  and  4-inch  wells  were  sunk  into  the  basin,  and  their 
eifect  upon  the  pressure  Avas  observed.  There  is  noAv  in  course  of 
construction  an  8-foot  AA^ell  that  Avill  reach  into  the  underground 
gravels.  There  Avill  be  installed  in  this  Avell  a  pumping  unit  of 
sufficient  capacity  to  loAver  the  Avater  in  the  Avell  to  such  depth  as 
may  be  desired,  and  the  effect  upon  the  surrounding  observation  wells 
Avill  be  determined.  It  is  expected  to  complete  this  AA'ork  during 
the  season  of  1930. 

SEWAGE   IRRIGATION 

Distribution  of  sewage  on  cropped  fields  is  an  important  engineer- 
ing problem  that  has  been  under  study  for  the  past  tAvo  years  at 
Vineland,  N.  J.,  in  cooperation  with  the  New  Jersey  Agricultural 
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Experiment  Station.  Sewage  from  a  population  of  8,000  is  disposed 
of  on  an  irrigated  farm.  Equal  division  of  the  effluent  into  small 
streams  of  20  to  30  gallons  per  minute  each  has  been  effected  by 
laying  a  12-inch  pipe  line  fitted  with  cast-iron  outlets.  These  are  all 
placed  at  the  same  elevation,  and  the  discharge  is  admitted  to  fur- 
rows spaced  3  feet  apart.  B}^  keeping  the  furrows  unobstructed 
the  sewage  travels  satisfactorily  for  a  distance  of  300  or  400  feet. 
Sludge,  always  a  difficult  problem,  is  pum})ed  into  the  effluent  from 
a  settling  tank  and  carried  for  more  than  a  half  mile  through  terra- 
cotta .  pipe  and  open  ditch  and  spread  over  a  specially  prepared 
field,  where  it  is  plowed  under  before  the  field  is  planted. 

DRAINAGE    INVESTIGATIONS 

EUN-OFF   MEASUREMENTS   AND   DITCH    CAPACITIES 

Investigations  relative  to  rates  of  run-off  and  channel  capacities 
were  continued  to  January  1  on  10  watersheds  and  their  channels 
in  northeastern  Indiana.  All  equipment  was  then  moved  to  a  loca- 
tion in  northwestern  Ohio.  The  Ohio  project  includes  nine  water- 
sheds and  channels  offering  great  contrast  in  surface  features  to  the 
areas  previously  investigated. 

Considerable  time  has  been  given  to  a  study  of  the  relationship 
existing  between  rates  of  rainfall  and  run-off,  with  regard  to  water- 
sheds having  great  range  of  size.  A  report  of  the  Indiana  investi- 
gations which  present  correlations  between  these  factors  that  can 
be  used  as  a  basis  for  computing  run-off  expectancies  has  been 
prepared. 

The  investigations  of  the  run-off  from  Ralston  Creek,  loAva,  a 
small  stream  draining  an  agricultural  area  of  3  square  miles,  were 
continued  during  the  fiscal  year  in  cooperation  with  the  University 
of  Iowa.  By  means  of  a  weir-control  station,  nine  rain  gages,  and 
a  water-stage  register,  accurate  information  in  regard  to  the  relation 
of  run-off  to  rainfall  is  being  obtained.  A  report  covering  the  last 
five  years  of  this  study  is  noAv  being  prepared. 

OPERATION  AND  MAINTENANCE  OF  DRAINAGE  PUMPING  PLANTS 

Studies  of  drainage  pumping  plants  along  the  Illinois  River  and 
along  the  Mississippi  River  between  St.  Louis  and  Savanna,  111., 
have  been  continued.  Five  progress  reports  have  been  prepared 
covering  this  investigation,  and  the  manuscript  for  a  bulletin  based 
on  the  investigation  is  in  preparation.  It  has  been  found  that  there 
is  little  difference  between  the  average  unit  costs  of  pumping  with 
electric  power  and  oil-engine  power  provided  comparisons  are  based 
on  the  pumping  of  equal  quantities  of  water.  The  minimum  unit 
costs  were  obtained  by  an  oil-engine  plant  which  had  been  built  at  a 
very  low  cost  per  horsepower.  This  suggests  that  greater  economy 
in  the  construction  of  the  pump  house,  foundation,  and  suction  bay 
is  desirable  in  order  to  reduce  the  fixed  charges.  The  operating  ex- 
penses of  the  steam  plants  are  greater.  Many  plants  of  this  type 
have  been  abandoned  since  1920,  and  others  are  operated  only  for 
emergency  pumping.  It  has  been  found  that  the  operating  efficiency 
of  the  plants  can  usually  be  improved  by  better  supervision,  by  more 
efficient  speed  regulation,  by  proper  maintenance,  or  by  the  substitu- 
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tion  of  more  economical  equipment.  Greater  pumping  capacity  is 
needed  in  some  districts  in  order  to  maintain  a  lower  water  level  and 
obtain  better  drainage. 

FLOW  AROUND   BRIDGE   PIERS   AND   OVER   EMBANKMENTS 

In  continuation  of  studies  begun  in  1928  on  the  obstruction  of 
bridge  piers  to  the  flow  of  wat^r  numerous  experiments  were  made 
at  the  hydraulic  laboratory  of  the  University' of  loAva,  in  cooperation 
with  the  universit}^,  on  additional  models  of  various  pier  shapes. 
Coefficients  were  developed  for  use  in  hydraulic  formulas  for  com- 
puting backwater  caused  by  bridges. 

Hydraulic  tests  on  the  flow  of  flood  water  over  full-size  sections 
of  single  and  double  track  railway  and  highway  enbankments  were 
made  and  coefficients  developed  for  use  in  hyclraulic  formulas  for 
computing  the  quantity  of  flood  water  passing  over  such  embank- 
ments.    The  results  have  been  published. 

Experiments  on  the  obstruction  of  single-track  pile  trestles  to  the 
flow  of  water  were  made  on  both  a  full-size  pile  trestle  and  a  one- 
fourth  size  model.  The  effect  of  end  abutments  was  also  investi- 
gated. Hydraulic-formula  coefficients  were  also  derived  for  use  in 
connection  with  such  structures. 

DtTRABILITY  OF   DRAINTILE 

The  bureau,  in  cooperation  with  the  Department  of  Agriculture 
and  the  department  of  drainage  and  waters  of  the  University  of 
Minnesota,  has  continued  the  investigations  at  university  farm,  St. 
Paul,  relative  to  the  durability  of  draintile  under  exposure  to  various 
conditions  of  soil  and  climate. 

Experiments  to  show  the  effect  of  steam  curing  of  concrete  at  tem- 
peratures up  to  350°  F.  for  a  wide  range  of  time  periods  w^ere  con- 
ducted in  considerable  detail  and  conclusions  drawn  as  follows: 

(1)  Solely  from  the  standpoint  of  strength,  nothing  is  gained  by 
curing  concrete  in  water  vapor  at  a  temperature  much  above  155°  F., 
and  little  is  gained,  even  at  this  temperature,  by  prolonging  the  cur- 
ing period  bej^ond  48  hours. 

(2)  Solely  from  the  standpoint  of  resistance  to  sulphate  waters, 
nothing  is  gained  by  increasing  the  temperature  of  the  water  vapor 
in  which  concrete  is  cured  until  212°  F.  is  reached.  Between  212° 
and  285°  it  may  now  be  definitely  stated  that  increased  resistance 
follows  increase  of  curing  temperature. 

DRAINAGE  INDEX  OF   SOILS 

The  effort  to  check  the  accuracy  of  the  elutriation  method  of  deter- 
mining the  proper  spacing  of  drains  has  substantiated  the  belief  that 
the  method  is  safe.  It  appears  that  drains  placed  at  a  suitable 
depth  and  the  indicated  distance  apart  for  that  depth  will  provide 
satisfactory  drainage.  However,  it  also  appears  that  such  spacing 
may  be  unnecessarily  close  and  therefore  unduly  expensive.  Because 
of  this  fact  and  because  of  the  known  limitation  of  the  elutriation 
method  in  dealing  with  some  of  the  lighter  soils  that  may  need  drain- 
age, an  effort  is  being  made  to  find  a  method  that  applies  to  both 
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light  and  heavy  soils  and  that  is  accurate  in  its  indication  throughout 
the  range  of  soil  types  found  in  agriculture.  Several  methods  that 
offer  promise  are  now  being  investigated  in  the  laboratory. 

CONTROL    OF    SOIL    B2{OSION 

Observations  on  the  special  soil-erosion  plots  at  Raleigh,  N.  C, 
were  continued.  Winter  cover  crops  were  found  to  have  only  a  slight 
effect  in  controlling  erosion,  effecting  a  reduction  of  only  10  per  cent. 
Losses  of  soil  from  corn  and  cotton  plots  when  the  two  crops  were 
grown  in  rotation  were  practically  as  large  as  when  these  crops  were 
grown  on  the  same  land  continuously.  Grade  of  the  terrace  channel 
was  found  to  affect  run-off  from  terraced  areas  considerably. 

The  appropriation  act  for  the  fiscal  year  1930  continued  the  special 
fund  to  be  expended  by  the  department  in  making  soil-erosion  and 
moisture-conservation  investigations.  The  fund  was  allotted  to  the 
Bureau  of  Public  Roads,  the  Bureau  of  Chemistry  and  Soils,  and 
the  Forest  Service.  The  investigations  on  the  soil-erosion  experi- 
ment farm  at  Guthrie,  Okla.,  were  continued  in  cooperation  with  the 
Bureau  of  Chemistry  and  Soils  and  the  Guthrie  Chamber  of  Com- 
merce. During  the  period  April  26  to  May  17,  1930,  a  total  rainfall 
of  11.42  inches  was  m^easured  at  this  farm.  This  is  more  than  one- 
third  of  the  average  annual  rainfall  at  Guthrie.  On  May  3,  3.22 
inches  of  rain  fell  in  approximately  IY2  hours,  1.8  inches  falling  in 
25  minutes,  and  0.5  inch  in  5  minutes.  Thus  the  maximum  rainfall 
for  a  period  of  five  minutes  was  at  the  rate  of  6  inches  per  hour. 
Terraces  in  the  red-plains  area  of  Texas,  Oklahoma,  and  Kansas 
must  be  designed  and  constructed  to  provide  for  the  run-off  during 
periods  of  such  intense  rainfall. 

One  of  the  outstanding  observations  made  during  the  storm  period 
was  the  relative  severity  of  the  erosion  on  the  unterraced  land  where 
the  surface  conditions  were  the  same  as  on  the  terraced  land.  New 
gullies  developed  in  the  unterraced  land,  and  wind-blown  soil  that 
practically  filled  many  of  the  old  gullies  was  washed  away,  while  on 
the  terraced  land  this  wind-blown  soil  was  collected  and  saved  by  the 
terraces.  ^ 

An  experiment  designed  to  determine  the  relative  amounts  of 
erosion  from  terraced  channels  with  falls  of  2  and  4  inches  per  100 
feet,  indicated  that  between  four  and  five  times  as  much  soil  was 
carried  away  on  terraces  with  the  4-inch  fall.  Terraces  without  fall 
(level)  and  some  with  a  fall  of  6  inches  per  100  feet  were  also  in- 
cluded in  the  experiment,  but  silt-measuring  boxes  had  not  yet  been 
installed  on  these  terraces.  The  results  already  obtained  show  that 
the  grade  of  the  terrace  has  a  very  appreciable  effect  upon  the 
amount  of  soil  removed  by  run-off  water  and  that  the  grade  should 
be  given  careful  consideration  in  the  design  of  terraces,  not  overlook- 
ing, however,  the  necessity  for  removing  the  water  in  time  to  prevent 
overtopping  the  terrace. 

Valuable  information  was  obtained  from  an  experiment  on  the 
spacing  of  terraces  700  feet  in  length  on  virgin  soil  and  a  land  slope 
of  about  5  per  cent.  The  intense  rain  of  one-half  inch  falling  in 
five  minutes  was  a  critical  test  of  these  terraces.  In  the  channels  of 
terraces  with  5-foot  spacing  the  water  reached  a  depth  of  nearly  17 
inches;  with  3y2-foot  spacing  the  depth  was  about  14  inches;  and  in 
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the  channels  of  terraces  with  2- foot  spacing  the  depth  reached  was 
about  10  inches.  To  provide  a  margin  of  safety  of  6  inches,  the 
above  terraces  should  be  built  23,  20,  and  16  inches  high,  respectively. 
An  examination  of  the  ground  between  the  terraces  showed  that 
erosion  between  terraces  spaced  6  feet  apart  was  much  greater  than 
that  which  occurred  between  terraces  spaced  2  feet  apart. 

A  series  of  laboratory  tests  was  made  at  the  hydraulic  laboratory 
at  Iowa  City  on  the  silt-measuring  apparatus  developed  for  use  in 
soil-erosion  investigations.  The  device  was  calibrated  for  field  use, 
both  the  hydraulic  and  the  silt-measuring  characteristics  and  co- 
efficients being  measured  and  computed.  The  results  of  measurements 
made  with  this  device  will  be  given  due  consideration  in  conjunction 
with  the  run-off  in  making  recommendations  for  the  spacing  and 
height  of  short  terraces  on  moderate  slopes  in  the  red-plains  region. 

On  the  experimental  farm  near  Temple,  Tex.,  which  is  being  oper- 
ated in  cooperation  with  the  State  agricultural  experiment  station 
and  the  Bureau  of  Chemistry  and  Soils,  practically  all  of  the  land 
has  been  terraced,  and  experiments  have  been  laid  out  for  the  pur- 
pose of  determining  the  best  design  of  terrace  systems  for  the  black- 
land  region  of  that  State.  On  May  10  a  rain  of  5%  inches  occurred, 
5  inches  of  which  fell  in  about  four  hours.  This  intense  rain  caused 
breaks  in  one  set  of  terraces,  but  the  damage  was  due  to  the  silting 
of  the  intercepting  ditches  that  had  been  constructed  to  provide  for 
the  removal  of  run-off  water  from  outside  the  area.  These  ditches 
have  since  been  enlarged  and  protected  against  silting,  and  no  further 
difficulty  is  anticipated.  No  appreciable  erosion  occurred  on  the 
terraced  fields,  whereas  on  adjacent  unterraced  land  it  was  very 
severe.  Observations  made  after  the  heavy  rain  of  May  10  showed 
that  on  land  in  corn  and  cotton,  level  terraces  from  400  to  1,400  feet 
long  with  one  end  open  had  withstood  the  test  very  well,  and  exami- 
nation a  few  hours  after  the  storm  ended  showed  that  the  water 
which  collected  behind  the  terraces  disappeared  rapidly.  The  fact 
that  level  terraces  on  cotton  and  corn  land  withstood  the  storm  satis- 
factorily is  rather  surprising  and  appears  to  indicate  that  such 
terraces  may  be  practicable  in  the  black-land  area.  However,  addi- 
tional records  should  be  obtained  before  definite  recommendations 
are  warranted. 

Upon  the  completion  of  the  construction  of  the  terraces  and  the 
planting  of  the  crops  the  installation  of  the  scientific  equipment  was 
started  and  should  be  completed  early  in  the  fiscal  year  1931. 

In  August,  1929,  additional  experiments  were  begun  at  the  Fort 
Hays  Experiment  Station  in  cooperation  with  the  Kansas  Agricul- 
tural Experiment  Station  and  the  Bureau  of  Chemistry  and  Soils. 
A  survey  and  map  of  the  farm  has  been  made  and  other  preliminary 
Avork  has  been  done.  About  60  acres  of  comparatively  level  land  has 
been  terraced  and  about  20  acres  has  been  deep  tilled  to  determine  the 
effect  of  such  work  on  moisture  conservation.  Altogether  about  100 
acres  of  land  has  been  prepared  for  experimental  work,  and  the 
necessary  scientific  equipment  has  been  installed. 

Additional  farms  have  been  established  near  Tyler,  Tex.,  in  coop- 
eration with  the  Texas  Agricultural  Experiment  Station;  near 
Bethany,  Mo.,  in  cooperation  with  the  Missouri  Agricultural  Experi- 
ment Station;  and  near  Statesville,  N.  C,  in  cooperation  with  the 
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North  Carolina  Department  of  Agriculture  and  the  North  Carolina 
Agricultural  Experiment  Station.  Surveys  and  maps  of  the  Tyler 
and  Bethany  farms  have  been  completed  and  other  preliminary  work 
has  been  done.  The  survey  of  the  Statesville  farm  was  in  progress  at 
the  close  of  the  year. 

Practically  all  farming  operations  on  the  experimental  farms  are 
being  done  with  modern  farm  machinery  and  a  thorough  study  is 
being  made  of  the  operation  of  such  equipment  over  terraced  land. 
It  has  been  discovered  that  some  of  the  machinery  that  proves  satis- 
factory for  ordinary  conditions  is  not  flexible  enough  for  operation 
over  terraces  and  that  some  changes  in  design  will  be  required  if  it  is 
to  be  used  successfully  in  regions  where  terracing  is  widely  practiced. 

FARM  MACHINERY 

CORN -BORER   CONTROL 

In  the  plow  studies  special  emphasis  has  been  placed  on  attach- 
ments to  aid  in  producing  better  coverage  of  stalks.  The  scraping 
trash  shield  of  floating  type,  which  aids  in  effecting  practically  com- 
plete trash  coverage,  has  been  developed  as  a  result  of  these  studies. 
Three  manufacturers  have  made  especially  shaped  plow  bottoms 
according  to  designs  dictated  by  field  tests. 

A  3-row  stalk  shaver  attachment  has  been  developed  for  use  on  a 
single-row  corn  cultivator.  This  implement  is  light  in  draft,  easy 
to  maneuver,  and  performs  satisfactorily.  A  4-bar  side-delivery 
rake  fitted  with  specially  constructed  flexible  teeth  has  been  built  for 
windroAving  cornstalks.  Field  tests  show  that  it  does  a  very  clean 
job  of  raking. 

Work  is  in  progress  on  stalk  loaders.  The  rake-bar  t3^pe  and  the 
combination  cylinder  and  rake  bar  type  of  hay  loader,  after  consider- 
able alteration  to  meet  the  requirements,  have  given  encouraging 
results  in  preliminary  trials.  Further  studies  have  been  made  of 
baled  whole  and  shredded  stalks  to  note  the  effect  of  different  baler 
pressures  on  borer  mortality  and  also  the  keeping  properties  of  the 
stalks. 

Spur  gear  tooth  crushing  rolls  have  been  installed  on  a  2-row  corn 
picker  to  crush  the  borers  in  the  stalks  as  the  corn  is  picked.  Pre- 
liminary tests  give  considerable  promise. 

A  stationary-knife,  low-cutting  attachment  has  been  worked  out 
for  the  field-silage  harvester.  Work  is  under  way  on  the  construc- 
tion of  a  standing-stalk  chopper  based  on  the  silage-harvester 
principle. 

Laboratory  tests  were  continued  on  studies  of  the  tolerance  of  free 
larvae  and  borers  in  stalks  to  steam,  oil  flame,  and  electric  oven.  Ex- 
haustive tests  were  made  with  a  portable  steaming  unit,  which  was 
found  to  be  unwieldy  and  impracticable  as  a  corn-borer-control 
weapon, 

A  mobile  burner  of  the  pulled,  hooded-flame  type  has  been  de- 
veloped after  much  experimentation  with  various  open-flame  types. 
This  hooded  machine  produces  a  high-temperature  flame  and  is  little 
affected  by  side  winds.  Little  deterioration  of  the  special-alloy  hood 
plates  has  been  noted  after  long  periods  of  operation.     One  of  these 
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burners  was  used  effectively  in  California  for  combatting  the  pea 
aphis  in  alfalfa.  Work  is  being  done  on  the  development  of  a  satis- 
factory low-pressure  fuel  nozzle  to  replace  the  high-pressure  nozzle 
now  in  use.  An  exposed-flame,  regenerative  tj^pe  of  burner  unit 
developed  for  use  in  garden  patches  and  fence  corners  has  given  fair 
results  in  preliminary  trials.  This  is  a  1-man  outfit  and  is  supplied 
with  fuel  oil  at  low  pressure  through  a  hose  from  a  pump  driven  by 
a  small  engine. 

Studies  of  plowing  and  corn-borer  control  machinery  are  being 
carried  on  in  cooperation  with  the  Illinois  and  Pennsylvania  agri- 
cultural experiment  stations. 

A  bulletin  has  been  published  on  the  stationary-knife,  low-cutting 
attachment  for  corn  binders  and  another  on  the  sled-type  stalk 
shaver.  The  manuscript  for  a  bulletin  dealing  with  the  care  and 
operation  of  husker-shredders  in  corn-borer-infestecl  areas  has  been 
prepared. 

Experimental  work  has  been  started  on  the  Berkley,  Mass.,  farm 
recently  acquired  by  the  Plant  Quarantine  and  Control  Administra- 
tion and  jointly  operated  by  the  Bureau  of  Public  Roads,  Plant 
Q,uarantine  and  Control  Administration,  and  the  Bureau  of  Ento- 
mology. Here  opportunity  is  afforded  to  experiment  with  machinery 
under  typical  New  England  conditions. 

CONTROL  OF  THE  PINK  BOLLWORM 

Tests  of  a  small  hammer-mill  type  of  feed  grinder  at  Tallulah,  La., 
and  Tlahualilo,  Mexico,  in  connection  with  studies  of  gin-trash  dis- 
posal of  pink  bollworm  control,  have  shown  that  practically  100  per 
cent  pink  bollworm  mortality  can  be  attained  by  using  a  fairly 
large  sized  grinding  screen  which  allows  ample  capacity  to  care  for 
a  6-stand  gin  when  ginning  picked  cotton. 

The  cultural  control  investigations  in  pink  bollworm  investiga- 
tions carried  out  at  Presidio,  Tex.,  confirm  the  outstanding  conclusion 
of  the  first  year's  work;  namely,  that  plowing  about  6  inches  deep 
followed  immediately  by  irrigation  gives  practically  complete  pink 
bollworm  mortality.  Many  of  the  other  90  plowing  and  irrigation 
combinations  show,  to  date,  very  promising  results,  although  com- 
pilation of  the  data  has  not  j^et  been  completed. 

ARTIFICIAL    DRYING    OF    GRAIN 

This  project  is  a  part  of  a  general  study  conducted  for  a  few 
years  past  in  cooperation  with  the  Bureau  of  Plant  Industry  and 
the  Bureau  of  Agricultural  Economics  on  the  use  of  the  combined 
harvester-thresher.  Studies  were  made  of  a  commercial  grain  drier 
located  at  Parshall.  N.  Dak.,  and  information  was  obtained  regarding 
the  power,  labor,  and  fuel  requirements  for  drying  wheat  and  rye 
and  the  quality  and  conditions  of  the  grain  before  and  after  drying. 
It  was  found  that  the  operating  expenses  of  the  drier  were  small  in 
comparison  with  the  increase  in  market  value  of  the  grain  due  to  the ' 
reduction  in  moisture  content,  but  that  unless  a  large  quantity  of 
grain  could,  be  dried  each  season,  interest  on  the  investment  and 
depreciation  would  make  the  cost  excessive.     A  manuscript  based 


50  ANNUAL    REPORTS    OF    DEPARTMENT    OF    AGRICULTURE 

on  the  results  obtained  at  Parshall,  N.  Dak.,  has  been  submitted  for- 
publication. 

Similar  studies  have  been  made  on  commercial  driers  located  at 
Beaumont,  Tex.,  and  De  Witt,  Ark.,  in  connection  Avith  the  artificial 
drying  of  rice.     A  preliminary  report  has  been  issued  on  rice  drying.. 

COTTON-DRYING    EQUIPMENT 

Under  the  supervision  of  the  division  of  agricultural  engineering,, 
cotton  driers  were  installed  upon  a  number  of  plantations. 

Plans  for  all-steel  cotton  driers  were  developed,  and  the  construc- 
tion of  tw^o  such  driers  was  begun  for  plantations  at  Heathman  and 
at  Lyon,  Mississippi.  The  construction  of  all-steel  driers  was  under-  ' 
taken  by  two  of  the  largest  manufacturers  in  the  cotton-ginning  field. 
Assistance  was  requested  by  these  concerns,  and  the  division,  in  addi- 
tion to  supplying  technical  information,  also  aided  in  the  conduct 
of  special  factory  tests. 

COTTON   INVESTIGATIONS   IN   THE   MISSISSIPPI   DELTA 

At  the  request  of  prominent  planters  and  members  of  the  Staple 
Cotton  Cooperative  Association  of  Greenwood,  Miss.,  investigations 
were  made  in  connection  with  the  ginning  of  over  50,000  bales  of 
staple  cotton,  the  grade,  color,  and  preparation  of  which  had  been 
lowered  as  a  result  of  undetermined  causes.  Cotton  gins  were  exam- 
ined ;  arrangements  of  machinery  were  planned ;  methods  of  handling 
from  field  to  gin  were  investigated ;  and  an  extensive  canvass  of  gins 
and  plantations  was  made  in  the  districts  of  Greenwood,  Clarksdale, 
and  Greenville,  Miss.  About  40  combinations  of  standard  and  home- 
made ginning  machinery  were  found,  each  having  possible  bearing 
upon  the  quality  of  the  ginned  fiber. 

Many  of  the  gins  were  found  to  be  deficient  in  cleaning  and  ex- 
tracting equipment,  but  the  investigations  disclosed  that  many  of 
those  best  equipped  had  been  turning  out  both  inferior  and  supe- 
rior work  under  identical  operating  conditions.  It  was  found  that 
the  inferior  work  was  accomplished  on  poorly  conditioned  seed  cot- 
ton, while  superior  work  was  done  where  the  seed  cotton  had  been 
properly  conditioned.  This  indicates  the  importance  of  satisfac- 
tory preliminary  conditioning  (i.  e.,  drying  and  curing)  of  the  seed 
cotton  before  it  is  brought  to  the  gins,  and  confirms  the  need  of  suit- 
able driers  and  conditioners,  especially  where  the  early  green  cot- 
tons are  rushed  to  the  gins,  or  where  the  late  season  and  unfavorable 
weather  necessitate  rough  picking  of  the  crop. 

COTTON-GINNING   AND   FIBER   INVESTIGATIONS 

A  series  of  harvesting,  ginning,  drying,  and  fiber  studies  was 
undertaken  in  cooperation  with  the  Bureau  of  Agricultural  Eco- 
nomics and  the  INIississippi  Delta  Experiment  Station  at  Stone- 
ville.  Miss.  Cotton  of  similar  certified  breed  and  growth  was  har- 
vested during  four  distinct  periods  of  the  season.  Portions  of  these 
pickings  were  ginned  after  having  been  conditioned  in  several  ways. 
Fiber  sam])les  were  obtained  from  the  ginnings  upon  each  lot.  The 
results  will  be  tabulated  and  analyzed. 
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A  very  important  series  of  tests  was  made  at  the  test  plants  of 
some  of  the'  principal  cotton-ginning  manufacturers  in  cooperation 
with  the  division  of  cotton  marketing.  Bureau  of  Agricultural  Eco- 
nomics, At  Prattville,  Ala.,  and  at  Atlanta,  Ga.,  these  tests  were 
made  upon  short-staple  and  staple  cottons  under  variable  conditions 
of  saw  speed,  roll  density,  etc.  Preliminary  study  of  these  results, 
together  with  the  extensive  fiber  investigations  previously  carried 
out  by  the  Bureau  of  Agricultural  Economics,  indicate  the  need  for 
a  ginning  and  fiber  laboratory  in  which  the  many  unknown  features 
of  quality  ginning  can  be  investigated. 

FERTILIZER    DISTRIBUTORS 

Fertilizer  distributors  for  cotton  now  on  the  market  differ  greatly 
in  uniformity  of  distribution,  accuracy  of  obtaining  and  maintain- 
ing desired  rates  of  application,  and  the  placement  of  fertilizer  in 
relation  to  the  seed.  Investigations  made  last  year  indicated  that 
the  germination  and  yield  of  cotton  are  greatly  affected  by  the  place- 
ment of  the  fertilizer,  particularly  on  sandy  soils. 

To  obtain  fundamental  information  which  will  assist  in  the  de- 
velopment of  more  efficient  fertilizer  distributors,  a  study  is  in 
progress,  in  cooperation  wutli  the  Bureau  of  Chemistry  and  Soils, 
the  joint  committee  on  fertilizer  application,  and  Clemson  Agricul- 
tural College  and  Experiment  Station  (South  Carolina),  of  machine 
placement  and  distribution  of  fertilizers  for  cotton.  A  special  ma- 
chine has  been  used  to  apply  the  fertilizers  accurately  at  desired 
rates  in  various  positions  in  relation  to  the  seed  and  with  different 
degrees  of  irregularity  of  distribution.  The  fertilizers  were  applied 
and  the  seed  planted  on  three  types  of  soils  in  South  Carolina  in 
the  spring  of  1930,  and  the  effects  on  germination,  early  bloom,  and 
yield  will  be  recorded  at  the  proper  intervals.  Tests  on  machine 
placement  of  fertilizer  materials  applied  as  a  side  dressing  to  cotton 
at  thinning  time  are  also  in  progress. 

FARM-LAND  DEVELOPMENT 

It  is  quite  generally  recognized  that  before  much  reduction  can 
be  made  in  the  general  costs  of  crop  production  modern  farm 
machinery  must  be  utilized  to  the  greatest  extent  possible.  How- 
ever, not  all  farms  are  adapted  to  the  use  of  such  machinery.  In  all 
parts  of  the  country  there  are  farms  on  which  the  fields  are  small 
and  irregular,  containing  stumps  or  stones,  w^et  spots,  meandering 
streams,  gullies,  or  straggling  bodies  of  timber.  Under  such  condi- 
tions modern  machinery  can  not  be  used  profitably.  Investigations 
which  have  for  their  object  the  determination  of  the  net  benefits  to 
be  had  on  typical  farms  through  a  better  physical  development 
have  been  initiated  in  North  Carolina  and  will  be  extended  to  other 
States. 

Investigations  of  development  work  looking  to  more  efficient 
methods  have  been  continued,  mainly  in  cooperation  with  various 
State  agencies.  In  such  cooperative  work  in  Minnesota,  it  has  been 
found  that  broadcast  burning  can  be  used  to  great  advantage  in 
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clearing  land  of  standing  brush.  Such  fires  can  be  controlled  and 
safely  used  by  back-furrowing  and  by  using  simple  water  sprinklers. 
A  low  humidity  is  necessary  for  a  good  fire,  and  burning  in  the  fall 
has  not  been  as  successful  as  spring  burning.  A  project  to  deter- 
mine the  costs  of  all  the  various  operations  in  clearing  land  of  brush 
and  stumps  on  each  of  the  four  principal  soil  types  of  northern 
Minnesota  was  completed  during  the  year.  In  a  cooperative  project 
in  Pennsylvania  the  possibilities  of  raising  buried  bowlders  to  the 
surface  of  the  ground  with  large  plows  and  blasting  them  were 
investigated  and  methods  and  costs  determined.  The  experimental 
work  in  the  use  of  poisons  for  killing  trees  and  brush  was  continued 
in  an  effort  to  find  a  poison  and  method  of  poisoning  which  would 
be  effective  on  all  species  of  growth  and  under  a  wide  variety  of 
conditions. 

Cooperative  assistance  in  the  agricultural-engineering  features  of 
surveys  made  for  the  purpose  of  classifying  land  according  to  its 
utility  was  furnished  to  the  Bureau  of  Agricultural  Economics  and 
the  State  of  West  Virginia. 

FARM   STRUCTURES 

GRAIN    STORAGES 

Increased  facilities  for  the  farm  storage  and  handling  of  small 
grains  in  bulk  have  be 'ome  a  necessity  because  of  the  growing  use  of 
the  combine  harvester  in  many  grain-producing  areas,  the  present 
practice  of  paying  premiums  for  wheat  of  high  protein  content,  and 
the  economic  waste  incident  to  the  marketing  of  grain  containing  for- 
eign material  or  dockage.  Heavy  losses  due  to  the  heating  of  grain 
in  bins,  to  rodents,  to  excessive  labor  in  handling,  and  to  rapid 
deterioration  may  be  attributed  to  improper  design  and  construction 
of  grain  storages.  Because  of  the  lack  of  authoritative  information 
regarding  the  best  practices  in  grain-storage  design  and  construction 
an  investigation  was  made,  and  the  results  were  published  in  a  bulle- 
tin prepared  in  cooperation  with  the  Bureau  of  Agricultural  Eco- 
nomics. A  subsequent  study  of  the  storage  of  corn  and  small  grains 
was  begun. 

GREENHOUSE   HEATING 

The  study  of  greenhouse  heating  was  brought  to  a  close,  and  the 
results  are  being  prepared  for  publication.  The  data  presented 
should  be  of  material  assistance  to  small  owners  of  commercial  green- 
houses and  to  such  local  heating  contractors  as  are  unfamiliar  with 
greenhouse  heating  problems. 

STRUCTURES   RESEARCH    SURVEY 

The  many  problems  related  to  the  design  and  construction  of  farm 
buildings  of  all  kinds  offer  a  rich  field  for  research.  Since  farm 
buildings  for  the  most  part  must  be  fabricated  on  the  farm  without 
the  assistance  of  engineer  or  architect,  it  is  evident  that  research  in 
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this  field  must  be  conducted  by  public  agencies.  The  facilities  for 
making  such  investigations  have  been  and  are  very  limited,  being 
entirely  lacking  in  some  of  the  State  institutions.  In  view  of  the 
urgent  need  of  research  in  farm  structures,  a  survey  was  undertaken 
with  the  purpose  of  ascertaining  what  research  activities  are  in 
progress  throughout  the  country,  what  facilities  are  available,  and 
what  problems  are  awaiting  solution  as  the  basis  for  a  national  pro- 
gram of  coordinated  effort  in  structures  research  so  administered  as 
to  stimulate  activity,  bring  into  action  all  available  agencies  and 
resources,  and  correlate  and  disseminate  results.  The  field  work  of 
the  survey  has  been  practically  completed  during  the  year.  There 
remains  the  preparation  of  a  report  and  the  formulation  of  a  pro- 
gram of  further  procedure. 

SEPTIC   TANKS 

The  purpose  and  functioning  of  a  septic  tank  are  quite  generally 
misunderstood.  Because  of  this  misvmderstanding  and  the  poor 
results  so  often  obtained,  a  survey  was  made  of  a  large  number  of 
installations  in  order  to  obtain  first-hand  information  regarding 
the  design  and  operation  of  various  types  of  tanks  and  the  causes 
of  failures.  The  data  obtained  are  yet  to  be  analyzed,  but  it  is  quite 
evident  that  much  of  the  dissatisfaction  reported  is  due  to  neglect 
of  the  system  and  that  regular,  periodic  removal  of  the  sewage  solids- 
is  essential  to  satisfactory  performance.  Recommendations  based  on 
the  results  of  the  survey  should  be  of  value  to  many  rural-home 
owners. 

SERVICE   WORK 

The  service  rendered  other  bureaus  of  the  department  greatly  ex- 
ceeded in  volume  that  of  the  preceding  years.  The  following  partial 
list  of  such  projects  shows  the  wide  scope  of  the  activities  which, 
the  bureau  is  called  on  to  undertake. 

Plans  and  specifications  were  prepared  for  a  new  shop  and  office 
building,  a  combined  bulb  storage  and  nursery  laboratory,  and  three 
head  houses  for  the  Arlington  Experiment  Farm.  Plans  and  specifi- 
cations were  also  prepared  for  a  zoological  laboratory  for  the  Belts- 
ville  Experiment  Farm. 

The  necessary  calculations  were  made  and  specifications  prepared 
for  about  15  refrigerating  plants.  Most  of  these  plants  were  intended 
for  use  in  investigational  work  and  hence  called  for  special  design. 

Calculations  were  made  to  determine  the  capacity  of  seven  boiler 
plants,  and  in  some  instances  specifications  were  prepared  for  the 
boilers. 

Calculations  and  the  layout  of  wiring  were  made  for  two  high- 
tension  electrical  distribution  systems.  Specifications  were  drawn 
for  electric  motors,  meters,  heaters,  isolated  generating  sets,  etc.,  and 
calculations  were  made  for  electric  heaters,  incubators,  and  water- 
distilling  apparatus  for  laboratories. 

Four  temperature-control  systems  were  designed  for  as  many  dif- 
ferent bureaus. 
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Specifications  have  been  prepared  for  concrete  mixers,  gas  engines, 
machine  tools,  and  other  miscellaneous  equipment. 

A  clam  designed  by  this  bureau  for  the  Bureau  of  Biological  Sur- 
vey was  completed  at  the  Wind  Cave  Game  Preserve  in  South  Dakota. 
A  migratory-bird  refuge,  on  the  design  of  which  the  division  fur- 
nished assistance  is  now  under  construction  by  the  same  bureau  at  the 
mouth  of  Bear  River,  Utah,  and  preliminary  investigations  have  been 
made  for  a  similar  refuge  in  Oregon. 

Plans  and  specifications  were  prepared  for  a  small  reservoir  to  be 
built  in  AVyoming  for  the  Bureau  of  Plant  Industry. 

Some  service  work  has  also  been  performed  for  the  State,  Interior, 
Treasury,  and  Post  Office  Departments. 
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